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Foreword 



Planetarium educators have one of the happiest of professions. Almost all 
of us really eiyoy what we do and believe that our^work in communicating the 
excitenientof astronomy and other sciences is important: Planetariuifi people 
are chronically underbudgeted an4 overworked, but we have the opportunity to 
be scientist, teacher, actor, magician, and general ham to hundreds if . not 
thousands of people a year. 

One of the few fundamental dilemmas we seem to have is trying to bal- 
ance education mlh entertainment. Debate about where the balance point should 
occur has been going on since the first planetarium program. Some school 
shows have been criticized as being too dull (all education) while some big 
planetariums ' have been accused of presenting flashy programs with no sub- 
stance (light shows that are all entertainment). 

Thi^ workshop has been developed by the authors and their many colla- 
borators as a tool for enhancing planetarium education ^/i^/ entertainment for 
any audience and any occasion. Over the past several ^years we have found stra- 
tegies for making science content more entertaining and simultaneously more 
meaningful to gene]:al audiences; These strategies include lechniques for 
selecting and arra nying content and for actively iilvolving the visitors in the 
planetarium "pTograni. We welcome your ^comments on these strategies, and 
your suggestions for improvements. 



Introduction 

' ' ' . ■ • *' ■ ' ' 

• • " ■ ■ ■ .* • I ■ . * 

' * ••• ■ ■ • ■• ' ■ . 

If you have access to a planetatium and are interested in learning more 
about fitow .to use it to promote Science iearning, this .workshop is addrejised to 
you. . ' ■ • 

The Planetarium Educator's Workshop Guide is intended to be used by any 
group of planetarium educators who want to get together to experiment with 
new techniques. This group of educators may be the staff of a single plane- 
tarium, attendees at 'a planetarium association meeting, a few elementary school 
teachers who have access to a school planetariuiVi, or college instructors who 
have decided to clean the cobwebs ofT the canipus planetarium projector. While 
an individual planetarium instructor may find tj||^ Gt//^e useful, it is designed to 
be most effective (and most enjoyable) for a group of people who dre willing to 
spend a few hours sharing ideas and challenging each other's assumptions. ; 

The first appendix of this guide gives a few tips on organizing and con- 
ducting a workshop in your area. \ 

The go^s of the workshop program are to enable you to: . 

yi Select realistic goals and effective teaching techniques for particular 
groups of planetarium visitors. ^^vVfe,, 

[2] Involve your visitors in active investi^ons|during planetarium programs, 
including public shows. - -..^J / 

[3] Assess programs to find c^ut which elements are working best in helping 
visitors learrwfrom their planetarium visit. 

While the authors of this workshop- guide are enthusiastic, about active 
("participatory*") learning in the planetarium, our purpose is not to prescribe any 
one technique for developing planetarium programs, nor to criticize poor tech- 
niques. Rather, the workshpp modules present a variety of perspectives for 
viewing what occurs in a planetarium^ and a number of specific, useful stra- 
tegies for creating progranis. ' 

In 1977, we obtained support from the NationakScience Foundation to 
develop and implement workshops to share these techniques with the plane- 
tarium community, ^e prepared a first tiraft of this workshop guide and 
presented five workshops during the' sunnimer of 1978, |at Berkeley, California; 
, Staten Island, New York; Cleveland, Ohio; Herndon, Virginia; fed Dallas, 
Texas. Over 100 workshop participants suggest^ i|nprovements that were 
included in subsequent drafts of this guide. The \aprkshop participants are now 
prepared to present this program to their colleagues. , 

We hope you will find these strategies for developing plariebriuni pro- 
grams useful tools as you create your own sky theater presentations. : 
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Module 1 , - 
COMMUNICATION 




The. objective of this activity is to provide an opportunity forcyou to switch roles 
with a visitor And experience three different teaching t^hniques, involving ^three 
different levels of interaction with an instructor. 



Here is a simple exercise that quickly 
leads to fundamental issue^ in planetarium 
education. Begin by separating worksR^ 
participants into groups of three. Each 
group selects one member to be an "instruc- 
tor." The other two are "visitors," who sit 
facing the instructor The workshop leader 
places a drawing So that only the instructors 
can see it. Bach instructor's task is to 
describe the drawing so that the visitors^ 
using paper and ink markers or crayons, can 
reproduce it as accurately as possible in 
three minutes. The instructors are asked to 
limit themselves to cettSin teaching tech- 
niques for each round of the game as 
deiscribed on the following page. 

At the end of three mirilites, instruc- 
tion ends and the visitors can compare their 
work wi^ the original drawing. Instructors 
and visitors discuss the difticulties they 



encountered in this task, and identify the 
teaching strategies that seemed to work best. 
For each round of the game a new drawing 
is placed on the wally and the rules are 
changed slightly to pdrmit different levels of 
interaction between the visitors and the 
instructor. You can also switch roles each 
round so that each person has the opportun-; 
ity to play "instructor" and "visitor." 

After each round of the activity, stop 
to discuss with the rest of the group the 
effect of changing the rules to permit more 
interaction bet>yeen the visitors and the 
instructor. How does your ability to under- 
stand what is being communicated change? 
What instructional strategies become possi- 
ble as more interaetion is permitted? Jot 
down the insights which you feel are most 
important. . . ^ 



•V 




f 
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Itules for round #1 - ja) Use no gestures, b) The visitors may hot ask questions, c) The instruc- 
tor cannot see what the visitors are doing (a bafrier is placed between their papers and the 
instructor). . , . ' \ . " * 

insights; . . . ^ . v ' ' ■ ■ 



■J 
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Rules for round #2: a) Use no gestures, b) The visitors nfay riot ask questions, c) The^ barriers 
are taken away so the instructor can see what the visitors are doing. ' ' ' 

Insights: . . ■ • ' ' ■ ' - - ' . 



^Rifles for round #3: a) Use no gestures, b) The visitors are. permitted io ask questions during 
the activity, c) The instructor can see what the visitors are doing. ' 

■ ^ ' ■• h' 
Insights: ^ .. ■• ^ ' ' . •• ■ • 
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this"^ activfty has 'proven to b^e a 
arkably eflficienr (and fun) way to bring 
It most 6f the stipategies good communica- 
rs use to get information across. For 
aimpie, you'll probably notice that anah- 
^/A are a frequent tool. Rather than trying 
to \describe every detail of*^ the drawing 
an instructor will often say. "It's 
shapbd Hke a wave." This strategy works 
- well ds long as the analogy is sufficiently 
close» and the learner has the same picture 
of V wave^' that the instructor has. As411us- 
trated below, it may not always be apprbprl- 
ate to assume that the visitors' "image of a* 
word or /^oncept is what the instructor had 
in mind. ' ' k 

Instructor says: "A Wave.", , ^ 





• 












1 ^^"^^ 


t 

1 



Visitor 1 imagines: "A WaveA 




Visitor 2 imagines: "A Wave." 




Interaction ^ betN^een the Viskdr and 
istructor like that allowed in Rounds #2 • 
|fnd #3 is essential to check such assuAip- 
|[ions and may suggest the use of othtrt* 
/analogies, or an entirely different istcategy 
Tor communicating ideas. 

This exercise itself is dti analogy to tfie ' 
problem of communicating an idea in your 
mind to your visitor^s niind. Our exercise 
limits the tde^ to a simple line drawing 
which pould be communicated, in a plane- 
tarium by just showing a slide.^ But even 
pictures can be interpreted differently by 
instructors and visitors (see Module 4). 
Communicffting more subtle, scientific con- 
cepts, such as fnobn phases, Hhe reason for 
day and night, gravity, or the nature of a 
blacky hole, requites the instructor to con- 
tinuously check his of? her assumptions 
about ho,w 'the visitors are receiving the 
message. # 

The insights you can gain from^ doing - 
this activity introduce the remainder of this 
workbook. In the modules that follow, we. 

. examine specific technique; planetarium, 
educators can use to cceate accurate, ei\joy- 

' able communication with Visitors. 

Incorporating more interaction^with 
visitors will be a constant theme. Every 
^ technique we discuss will have advantages 
and disadvantages, and we have no "sure- 
fire" guarantees to offer. Techniques that 
incorporate more visitor-instructor interac- 
tion iare more effective communidation tools 
than techniques that do not, but interaction 
does- take time. The quality and quantity of 
communication must be balanced. We hope 
you will weigh the advantages and disadvan- 
tages of each techi ique (presented in this 
workbook. - 

The following modules present a 
framework for/ critically examining plane- 
tarium programs (Module 2), a set bf orgarj- 

\ ization schemes for*^ different modes of. 

. instructor-visitor interaction (Module 3), a 
guide to -visitor perspectives (Module 4), 
useful' question *and activity strategies 
(Modules 5 & 6), and a final summary sec- 
tion (Module .7). r - 
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Module 2 




T}ie ,ohiective of Ihis mliidtlri^ hJoty^ become^familiar with one*framework 
f6r exIpiiiiiiiB planetfirium pqp|(pams. YouMl.iry out this fratnewvprk white dis- 



cussing, with other planetQrii| 
present./^- ' 



educatori; the kind of iNrograms you'd like to 



\ 



jEver/' planetarium ^program experience 
can be thought of ds^a combination of three 
interrelated factorsi ^The subject of Jthe ^ch 
gram; the visitoty and the planetarium > 
instructor. \ These can be represented b^ 
three interwoven circles. 



1) The Subject--The images, sounds/ facts, 
concepts, skills, and attitudes that jou wish 
to cbmipunicate to the visitor. 




\\\ 



2) the y^/f(v^-His or her background 
experiences'^ perspectiv^is^ interests and 
learning, abilities: . 

\ 3ty The Ihstruqtof^-A\\ ihtr^liTa^^ 

to , Communicate the stibject of th^ program ; 

to the visitor.; :(The actual instru«tojt^ cart ImS 
. a person or a ^£^hine«) \ ^ { 



^^ • • ; ^^^^ . 



i> • 



^" lei 



The framework of three interwoven 
circles suggest^^that effective education 
occurs at the intersection of all three circles. 
Considering all three aspects can help you 
^create the niost meaningful *and er\joyable^ 
rience. , ; 



•SI- 



t3 
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nf jrou hiad to select only three topics to Jtesent in tliis-ypaf's scliedule of single-visit v" ^ ' 
letarium programs for the; general public, what would they bei and why do yOu-believe they^ ,. • 



. " planetarium 
are imi 

. » ^TOPICS « 



IMPORT Al^CE 




^ a « . 
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What are the most important things you should krtow about your visitors*when a group 
comes to the planetarium for the primary py.rpdse of learning? W*iy is this information impor- 
tant? '. >^ ■. ; ■ ■ ' . ' ' ■ ■. ' . 
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INFO ABOUT VISITORS 



IMPORTANCE 
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tarium? 



V . • ^^he Instructor * ^ ' • : 

What are three of the .most effective'instruct^onal techniques you have used in the plane- \ 
n? Whv do youjelieVe these are important in tielping visitors lear^ from the experience? A 
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In our trial >yorksh6ps^ we found great 
variety in the responses various planetarium 
educators gave to each of these questions, 
because the particular subjects, visitors, and 
instruction techriiques are different for each 
of us. Even with these differences, the fol- 
lowing modules will help you match yoiu' 
own choices of subjects and instruction tech- 
niques with the visitors to your planetarium 
for the best result. 



Intersecting circle symbols next to the 
title of each module provide a helpful guide 
to the module's focus. Mddule 1, for exam- 
ple, stressed , the interaction between the 
instructor and- t|e visitors, so intersecting 
visitor's and ihstftictor's circles are shaded 
to. show that the interaction betweeo these 
. two factors is the focal pointy 
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Module 3 
, ORGANIZATIO>rPATTERNS 




/ 



The objective of this module is for you to become aware of six different \^ays 
Ir which you can organize the planetarium experience for the visitors. 



] This ^ecjlbn outlines a number of ways 
^you can interact with your visitors in the 
planetarium. As you read about each, pat- 
tern of organization, turn back to this page 
and list the advantages, and disadvantages 
you see in each. 

Each organization scheme will be illus- 
trate^ by using a seption of ah actual single- 



^visit planetarium prdgram, In a^ workshop, 
youMl want to try out each section live. If 
you are reading this module by yourself, you 
might like to iQok at "Observing a Variable 

• Star" (pp. 66-67), and the full prograni 
"Constellations Tonijjht " in Appendix D, 
since examples are frpm those sources. 



. Organization 

I- 


Advantages 


'pmdyantage^ 


Didactic 


' . ■! ■ 


.. * • > • 


-Small Group Task 


•4 


■' i ' . ■■■ 

— — ' - 


. ' ' ' ■ ^ ■ 

Individual rTask 






Informal Discussion 


\ Jl^ \ \ • ■ 


■ \ . 




Group Meeting 


■■■(.■■ 


y 

■ \ 
\ 


> ■ 

... ^ ^ ' 


' — ifer 

Socratic 
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Didactic 
Prganization 

In this f type of afrangementV you 
present maierial verbaily and/or visually to 
the learners, without expecting any response 
^rom theip. A& the diagram illustrates, 
/information flow in the didactic mode is 
entirely in one direction - from th^e mstruc- 
tor to the visitors. 




Most completely taped shows are 
examples of didactic organization, as are live 
lecture-^tyle shows in big planetafiums. 

A typical didactic presentation on conr 
stellat ions would feature the instructor tel- 
ling constellation mythology, or describingr 
to visitors how to fiM the big dipper. ^ 

Didactic organizktioh is almost qlways 
a part of any^ndtariwm program, even one 
which will fealtiferaudience pairticipation, 
and visitor interaction with the ^structor. 
For example, the program "Constellations 
Tonight" (in Appendix D) has jan essential 
sectibn on top of page 121 , in which the 
instructor tells the visitors how to use A sim- 
ple, one-page star chart for th^ constella- 
tions of the season. A few questions to the 
audience appear, but the basic organiz^ion 



of this part of the program is didactic. What- 
advantages and disadvantages db you see 
with this pattern? RetQrd your views on 
page 10. J* 



Small Group Task ^ 
V Organization 

The whole audience is divided into 
small groups by row or seating section to 
itiate this organisation. Each group is 
en a task to accomplish. 

The small group task organization 
allows each vnitor to interact with other 
'visitors while working on a copimqn task. 
Each individual has sufficient time :to make 
his or her own cofltribution to the task solu- 
tion. ^ 



Jgit 




. An example of the small group task 
organization may be found in the Sky Map 
Activity in "Constellations Tonight" (pages 
121 to 122). After the visitors learn how to 
use a star- map through a didactic approach, 
the audience is divided iiito groups of four 
or five to cooperate in finding an assigned 
constellation in the planetarium sky. 
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i> This organizatibn has the- advantage 
that visitors can easily help eaish other, l^ro^ 
viding mutual encouragement, 

Th6 folloyi'ing suggestions may contri- 
bute to. thesfticcess of small group organiza 
tion patterns? 

1) Be sure tnb task is clearly defined and 
understood. \ , 

2) Provide the necessary materials in 
advance. 

3) Check on the progress of each group. 

4) Hold to a realistic time schedule. 

5) If possible, >keep each group small, not 
more than six members. 

6) t^rovide for reports to the larger group 
When tasks are completed. 

Turn back to page 10 and list the 
advantages and disadvantages of the small 
group brgan/ization. 



( 



i 



Individual Task 
Organization 



This pattern of organization enables 
each visitor Ip make his or her owr observa- 
tion, perform a unique role, or solve pfob- 
lem. Thus, each visitor becomes physically 
and intellectually involved in the subject you 
are presenting; Each individual can be 
engaged in a different task or each can be 
assigned the same task. With a small audi- 
ence, this pattern allows you to move from, 
person to person to provide information and 
assistance.; 



For example, the topic of variable stars 
can be presented as an observing and 
recording task for the visitors to perform 
individually during the planetarium program. 
This activity is described in detail in Module 
6 (pp. 66-67) and is described briefly here to 
Illustrate this pattern of organization. 

After a short didactic presenQBon of 
what variable stars are, and how Ifnateurs 
provide useful scientific data on them, each 
.visitor receives a clipboard, pencil, and sheet 
of graph paper. A "variable star" is projected 
onto the dome. Surrounding stars of con- 
stant brightness are labeled with numbers 
(via another slide projector) to show/ their 
magnitudes. 

Each visitor estimates the brightness of 
the variable star and marks a dot on his or 
her gi'aph to show that estimate. EfltcK^ 
"night" a new point is plotted until the visi- 
tors have recorded the entire light curve of 
the variable ^tar. Discussions follow this 
activity, to interpret what the light curve 
mfght mean. 

Record your thoughts about the advan- 
tages and disadvantages of this organization 
scheme on page 10. 



^ Informal Discussion 
. Organization 

This pattern of organization allows 
free, uninhibited discussion- by the visitors 
amon& themselves. » " . 



^ I As instructor, youAole is to set aside 
youf own objectives, listen to the visitors' 
bpinlons, and be ready to answer questions 
if asked. Since the visitors quite naturally 
break into ' informal discussions ,aniong 
themselves at the end of any planetariuin 
program, this behavior is often ' not con- 
sidered an "organizatipn" at all. However, 
vislitor discussion can be consciously planned 
during Ihe program and can make a very 
valid contribution to learning. 

For example, this pattern is especially 
useful after an activity like the variable star 
task described abq^ve. Visitors are naturally 
curious to see if they made the same esti- 
mates-as their neighbors, and the instructor 
can make this easier by explicitly suggesting 
that they take a few minutes out to com- 
pare observations. * 

Informal discussion is particularly 
important if you are going to call on visitors 
to describe an observation to a large audi- 
ence. Visitors are often shy, and uncertain 
that they have observed correctly, Informal 
discussion permits them to confirm thejr 
. observations with peers. 

What are the advantages and disadvan- 
tages of this approach? 



The problem may be initiated by you or 
the visitors. Your role is to facilitate the 
discussion and not to direct it. You may 
listen, call ?on individuals to speak, make 
-suggestions, or appoint a member of the 
audience to lead the discussion. In any 
' case, you must be prepared to go along with 
the gr6up's decision! 1 

After the variable star activity with a 
group of high school or college students, 
this kind of discussion is a very good way of 
drawing' together the visitors' observations 
of the variable star. 

# The instructor might ask one (Jf the 
visitors to lead the discussion for a while to 
try # decide: 1^ How many dips in the 
brightness occurred? 2) When? 3) What was 
the minimum brightness? Individuals will 
have different answers, so the Sgroup task 
will be to reach a consensus about the best 
description 'of the variable star light curve. 
The group might deeide^o average different 
observations, to discard extreme data, or to. 
give a range of answers to each' question. 
The instructor must work with each group's 
decisions. ' 

What are the advantages and disadvan- 
tages of this approach? 



Group Meeting 
Organization 

In contrast to the didactic organization 
whicjh is instructor-centered, or the informal 
discussion organization which is visitor- 
centered, the group meeting is problem- 
centered. 




Socratic 
. Organization 

. In this pattern of organization, you fre- 
quently ask questions of individual visitors, 
respond to their answers, and lead them 
step-by-step to the partWlaf ideas you have 
in mind. \ 

After posing the first question, and 
listening to the responses, you might probe 
further by asking the visitors to justi^ or 
clarify their answers. You might also 
refocus the discussion by addi^ new data, 
or asking for further ideas and feelings. « A 
good socratic interaction in the planetarium, 
requires you to be conscious of how your 
quesHons affect the visitors. 




"What might 
brightness?'' 



^ ■ 

have causeci these dips iii 



"Let's taice those po^bilities one fit a ti{ne. 
;if haze^is blocicing light from the star, what 
would happen to the comparison stars?" 



'^ow suppo^ I tell you both dips repeat 
every twelve day?. Which model works best 
now?" ^ 



A similar approach can be used to 
induce the' visitors to consider the relative 
sizes of the two stars from the data they 
have recorded. 

Record the advant£|ges and 4isadvan- 
tages you see in this pattern of prganization 
on page 10) — 



As an example of the socratic 
approach, consider the following way of con- 
cluding the variable star activity. Suppose 
you .would like visitors to consider several' 
explanations for the light curve, and con- 
clude that an eclipsing binary star is the best 
model. You would like them^to ihfer this 
from the light curves, but knq^y that they 
probably cannot do this on their own. You 
might lead them to' the answer, however, 
with a series of questions as follows [inter- 
mediate questions and responses omit/ed]: 



Visitors' Data Sheet 



Variable Star Light Curve 



CO 
CO 
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A Review of ' 
Organizational Patterns 

As you look back over these six organ- 
izational patterns, notice how your role as 
planetarium instructor differs. In the didac-s 
tic and socratic patterns you decide which 
ideas are discussed. In Wi^ group meeting 
structure, you ;still control the flow of ideas, 
but the ' visitors hiave greater freedom to 
seleet the content. WlAn the visitors are 
organized in small groups to discuss ideas or 
work on a task, you are free to wander frorri 
group tb group and offer suggestions and 
assistance where needed. When each indivi- 
dual is working on a 7a5/c, you can assist 
individuals a personal tutor. 

Examples of each of these strategies in 
the context! of an actual 'program may be 
found in the ^0 complete scripts at the end 
of this workbook. You might ei\jby ident^i- 
fying each of the strategies used in the 
scripts, or speculating on alternative stra- 
tegies for each segment. 

The following segments from a variety 
of planetarium programs illustrate the vari- 
ous organizational patterns. Please fill in the 
pattern that you think the instructor . is 
attempting to initiate in each example. , 



i, "Overhead, you see a photo of the moon 
taken by the Apollo^ astronauts, What do 
you notice about these circuit/ features? 
What shapes like these have you seen on 
earth?" ' 




Organization 



4, "WorTc together in l^pups of three. Pick 
out a group of stars, and makeyup a story 
about some animal or person represented by 
those stars." . » 




Organization 



2, "Now I will show you some spectacular 5, "Since many of ybu seem concerned with 

photographs of the moon, and Explain what the tremendous cost of the Viking mission, 

they tell us about , how old the moon is, and let's take five minutes <o discuss whether or 

how it was probably formed." , ■ n^t the mission was worth the cost. Who 

\ would like to express an opinion first?'* . 

A: ■ . ■ ■ . . ■;• ■ ■ . 

Organization ^ . Organization 



3. "This lamp will represent the sun. I want 
reach of you to stand up and turh around, so 
the sun appears to Tise-and-set for you." 

. < Organization 



6. "Please feel free to come up to the con- 
sole at the end of the program and ask whatt 
ever questions you would like," 

\ 

■ ■ Organization 



HOW THE VISITORS SEE |T 



t 



This module presents an approach, based on the psychological research of Jean 
Piagei, for appreciating how visitors understand a planetarium program. jYou 
will be able ^o use this approach to: 1) select appropriate concepts for presenta- 
tion to various groups of visitors;. 2) select appropriate instructional methods so 
that visitors can understand the concepts; and 3) help visitors advance tq higher - 
stages of intellectual development. 



Most of yu$ have noticed ^ that some 
visitors have difficulty understanding certain 
cpncepts, such as the reason for day and 
night, or the causes of the moon^s phases. 
Explaining all the astronomicar terms repeat- 
edly, using clear diagrams, and spending 
«xtra time 'with these visi^rs still may not 
help. . V . 

Individuals who have not yet 
developed the reasoning skills required to 
1^ understand the concepts; presented in a 
^ planetarium pro-am are likely to leave frus- 
trated with their inability to understand sci- 
ence, and may be less inter^ted in attempt^ 
ing to understand scientific concepts in the 
future. Therefore, as planetarium instruc- 
tors, we must examine how the visitor sees 



the planetarium program, so that we will be 
able to present concepts in a fashion suitable 
for the visitors' reasoning abilities. 

In each of the first three sections of 
this module you will examine one of the 
basic reasoning abilities important for under- 
standing astroriomical concepts: 



A. 



C. 



Visualizing how objects and. events 
appear from different frames of refer- 
ence; , 

Classifying phenomena; and 
Explaining Qhenomena scientifically. 



In Section t) of this module, we pro- 
vide suggestions for how to help visitors 
develop these abilities through planetarium 
experiences/ 



A. 



of Reference 



COPYRIGHTED £ART00N DELETED 



We oftwi show pictures of models and dia^ams projected onto the dome: the earth as 
seen from spl^b/the etg'th, sun anb moon as seien from above the plane of the ecliptic, and so 
(fti. To learn some oQt^ays visitoi:s may interpret such diagrams, begin by solving the prob- 
lem oh the next! 



THE MARTIAN DILEMMA 



"Deimos and Phobos, the two moons of Mars/have phases just as our moon has, Please look 
at the upodel and determine what phase each moon is in for the person who, is observing from 
the surface of Mars. Circle your respdnse." * 




Deimos 




3 O € 



B 



Explain how you figured out your answer: 



D 




3 



Phobos 

Explain how you figured out your answer: 





D 



Examine tke following answers tb the 
Martian Dilemng|a Prpblem given by college 
students. Then, answer theltwp questions at 
the bottom of the page anci compare your 
•results with . other individuals in the 
workshof). ' 

PHOBOS PROBLEM 

- Student #1 Answer: ?B" Explanation: "I 
imagined myself on the Surface." 

Student #2 Ahswer: "B" Explanation: "My 
point of view--I just reversed what I saw;" 
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' Student #3 i^^swe^: "B" Bxplanation; "Pjut 
myself on Mars in my imagination." ^ * 

'Student #4 Answer: "D" Explapation: 
* "Qbserving shadows on models." 

Student ^5 Answer: "EMf Explanation; 
"Moon is moving towards sun." 

Student ^#6 Answer: "D" Explanation: 
"Bec^se Phobos is in the direct sunlight 
, and riot in frorjt of Mars." ' 



1) Identify the differences in thinking between the first three students and the last three stu- 
dents. 



T 



2) Suggest several concepts that are traditionally introduced in the planetariurn that may be 
difficult for the last three students. . - ' i » 




7 



ERIC 



^5 



I 
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One of the most usrful perspectives 
for appreciating how visitoif understand the 
planetarium program has emerged from a 
half-century of research pioneered by Swiss 
psychologist and epistemologist Jean Piaget 
(zhan p(ee-ah-zhay)i' and his colleagues. 
These investigators have studied how people 
solve problems like the Martian Dilemma. 

Piaget noted distinct differences in 
people^ abilities to perceive a situation frpm 
a point of view different frbm their own, In 
our example, the tl?ree/ individuals Who gave 
correct answers and explanations to the 
Martian Dilemrna Problem could perceive 
this unfamiliar Vetting by imagihing them- 
selves in a diff^ent frame of reference.* .In 
contrast, the other three individuals' think- 
ing was dominated by what they saw directly 
from their own frame of refetence, or ^y 
information not relevant to the pr^lem. . 



A further e^pe^B^enl can vprovide 
more information a^^^^ the visitors M^ho 
could not solve the j^^^ by 4ook- 

ing at the mbdeHJfT^lars and its moons. 
Distribute "mo&ns" (styrofoam'ba^ sim- 
ple wooden stands) to pairs of individuals 
who had difficulty,, with the Martian 
Dilemma Problem. Illuminate the room 
with a skglfe "sun" (lamp) and ask each pair 
of visitors to place a moon between them 
and draw what they see, When they com- 
pare drawings, they will see that their views 
of the moon are reversed.' They may al 
change seats to see if their partner really 
observed what he or she "drew. Now, sonie 
individuals wijl be able to apply this concrete 
experience to successfully solve the Martian 
Dilemma Problem. Others will again give 
(Jnly what they see from their own point of 
view for an answer. 





■4 ■ 



., ••..•.\-.:.-V ■;„;• 




'According to thd approach taken by ...'- i 
- 'V^' of view just from''J[ooking>t a <liagF^>or^^iT:^. 
' : - 'vf jn abilUy to perceive a situation' frorft , a ■ - hearing a descriptipn, he or she is operSitihg^ js!;- a 
•* / 1-^1 <liff'^«^^^^ three levels ^ , .v. '^-^'^^.^S^^!/^ : - 

: . t tol 'ir^lectu^ dey^^ An indMdual V | -ih , general, ' j^oung children Operate " ^Ir ^f -f 

^ : v :,. : - , •. jriUrelr^at the pgocbntric level/ Beglnnin^l iV o- :: 

./C : , • ; . V tfjpint bfiview^fron^fiisrowp is op^aUng at-; about, age 8 or i many children can pel^^H ' 
: ' ' r ;. :i^'eg0mtrfl^l (aisb.kiib\yn as thfe jh^i^ , ceive \ different point of view ttirougli 'Con^ , v ^ 
• • * < .itive- leyfeO,*^%centrtc^ h^ notv • < Experiences. The potential Ibi; formal - ^ 

i ^ J/;' 'S^^ persQWvat - thinking & hot. app^r until Wme. v 

tbip Stage as^uttfe^ tlj^ high school, lee Surhmkryv ' 



•■ 4. . 



'^i^ hef OT sh^doe^.- If ^ireet^^pt^ 5> jabjp yi^) pi^get ^ig^,' developed -^categories: 
-verity with_C9ncrete .(A«ects;land^^e^ltSi^suoll : 'toiiescribe; the behiavior of. ydiing^-chil " 



as^a.^odplV helps' a person ta^ocept a but we will not describe thet^^^ »^ 

different N^wpoint^f^^^ 
• she is Qpgratlng at thp'cortcrere tew// l^mall^^^^ 



■ ' I 



fydeentric iSmi (starts about-Sige ^r- can imagijne q^y one's own point of 



Comrete level |starts^^ - about age 8 pr 9>'rcan iijiftgine fi(i^ y ieWpOiiit, but 



on 



!jf a concrete experienpe) 




f .9 y- 



IFoirmla^ Le^ jpi)oUt^ fi^ii^h ^ti|lationKft^ ^'f^ 

-\ diJfl{Went points of' vi^m ■ ■-<^L ' v,^.^-! - 



• \ Alt|ioiigh a person's g 

Ubillty may be gufficientjy advanced pel* 
If. mit understanding a ploint of view, 
from' his own, he or shei will not 
achieve, that u'nderstandii^/ AVheneV^r t 
. situation '& ' toOj^pomplex, ■'pr; the subject ' 
. matter is unfaMl^h eyehx ad^^^ begin .fit , 
the egocentric (eyel. /Phia pattern is pvjdent 
in somtf of th.elfioUege S^tj^dents'^^^^^^^ 



Ah- 



to, the Martian tWlemhiia'fyo 



.It is usually necessary ta asR the visH 



tore ' QtifiStiij^^ durijifc^^ program to ■find »q :f 
how theiy ile^ 4 
^di^rent ^ ■ t^^ th|i rivisitofs ' : 
it «lway$? ; ■ aj^ o^rating^^- the ^ocw ybii^^ ; 

/ -^imay d<^^ the jv^:, 

" polnlfbf !^iew.^^^^^tt^^ be / 

; it^S^ssary to^bpndon ^ : ; 

; t niunlcdtWj^ tn . . 

\ fdvor 01 ivhfer <5ori^^ that ^caii be readll^ : 
I ^comjiiunlcided egocentric^ 
^' injj!& time avaiteijle. ; -/^ , ^ V ! ^ ; 



V 



•6 



.; I .« 



• v": ' 



v l) I^rii "^ck ib tfte cartoon at the beginning of this module. At what level is the Wizafird rea* 
S0nlnglft:the s6(^^ At what le.vel is he thinking in the last frame? 



> Based on the. reasoning levels^ summarized in Table A, examine the astronomical concept 

^iilustrated belowj.and suggest a strategy for. communicating this concept to a concrete \e\Q\ 
;^ . planetarium yisUof^ .. . • • v ^ I 




Ik- . 



, ;CONC^ same spiral shape. How- 

i eVer/the galaxy: shown on t^^^ le|t i$v yiewed from the side, and the .galaxy at right is , viewed 
:vfrom above.., ' ' • . • . . ^" . ■ 



? RECOMMENpED STRA^IE^Y: 



ERIC 
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In many astronomy textbooks, diagrams like the one below are used, to explain the phases 
of the moon- ^ 



First Quarter 




, What level of reasoning is required to understand this diagrftm? f / 
Explain your ai^er. • ^ ■ - ' ■ 



B. Classific|ition Skills 



A great deal of the information that we 
present in the planetarium requires the visi- 
tors to understand how certain information 
is arranged and how jt relates to other infor- 
mation (for example, the classifications of 
stars and planets;; and the differences 
between nebulae, star clusters, galaxies, and. 
sub-glasses of these objects), How do visi- 
tors perceive our descriptions of the way 
these objects, are classified? 

Children at the egocentric level can 
attend to only one aspect of a situation at a 
time, so they cannot systematically classify a 
large number of objetts. They can, how- 
ever, notice if two objects are similar, or 
different. ^ 

When encountering a new set of 
objects, a person who is capable of operating 
at the concrete level begins by perceiving 
similarities and difTerences. Then, he or she 
may be able to separate these objects into 
several groups according to shape, color, or 
some other sihgle trait. 



A number of additional classification 
skills develop throughout the concrete stage. 
These skills include the ability to sort 
according to a single trait, to arrange objects 
along a continuum (from big to small, hot 
to cold, etc.) and ,to^ recognize that an object 
may belong to mqre than pne class (e.g, 
realizing that our\un is alsQ a star, or that 
Earth is in the solar system and in the 
galaxy at the same tinoe)* 

^ Constructing hierarchies pf classes and 
then rearranging the objects into different 
hierarchies is a formal lev^l classification 
skill that does not fully develop until high 
school age. With sufficient preparation, a 
high school senior might well be able to 
underst^fl|how astronomers classify galax- 
ies, nebl|i, and cluster^, and then subclas- 
sify these into various types (e,g. open or 
globular clusters), but most elementary 
schqpl students would find this hierarchy of 
definitions too complex, no matter Kow 
clearly the lesson is presented. 



Summary Table B, Classification Skills 



Egocentric Level {st2iT\s about age 4) -can notice similarities and differences, and 
can only classify, after much trial and error; _ i 



Concrete Level (starts qbout age 8 or 9)- beginning with classification by a sin- 
gle trait, can Ijiter recoanize that objects may belong to more than one class, 
and can arrange objeds^long a continuum. 



'Formal Level (starts about high school age)-- can a^j*ange objects in a hierarchy 
and then rearrange the objects in a new hierarchy. » 

I — _ — - 



— r^— 

• Presenting classification 5(;hemes that most pf your visitors are able to use i? essential if they 
are to comprehdtid your program. Tttie different levels of classification reasoning are demon- 
strated in the solutions to the following pfobtem. 
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Ptenetarium visitors were given pictures of galaxies and asked to classify them any way they 
fished. Below each 'response, plea^ indicate the reasonir^ level that each visitor us@d in order 
to give that response. ^ * , • 



1. "Basically, there are two kinds of galaxies; spirals and non-spirals. The spirals might be 
seen face-on or sideways, and the non^spirals might be either elliptical or irregular in 
shape." - ■ ■ ■ "■ 




Level 



Please explain your answer. 




X "The pictures in the top row are all spirals and the pictures in jihe bottom row are not like 
spirals. Also, the ones here (on left) are rounded, the middl^ qpes are egg shaped, and 
. the ones here (on right) Aire skinny.'' ; 







1 



.0 



Level 



Please explain youryan 



swer. 



3. • •'In order from nicely shaped galaxies towards more squiggley galaxies." 




Level 



Please explain ypur answer. 



4t **These are roundish;. 



these 9re longish... 



-0 



WW 



this has arms while 




this one doesnH 



the top one has curvy arms and the , bottom ope doesn't 



■'I ■ 





i 


■ # 





Level 



Please explain your answer. 




these are sort of 



C, Scientific Explanatioii 

Planetarium inll^pctors frequently provide explanations of physical phenomena: why 
there is day and night; why the moon goes through phases^ why the stars shine; and so on, 
Presenting explanations at a level that most of yom/visitors understand will enhance 
comprehension of the program as a whole; We can cl^issify people's abilities to understand 
scientific explanations into egocentric, concrete, and formal level responses. A summary is 
given in Table C . * 
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-Summary Table C. Scient\flc EKplanatlon 



Egocentric Level (starts about age 4) -aUributes motives and purposes to inani- 
mate objects, or assumes all phenomena are produced by human actions for 
human purposes, e g. "The sun comes up so we'll feel warm." 



Concrete Level (starts about age 8 or 9)-- more complex relationships between 
various elements familiar to the individual can now be used to explain 
phenomena. New observations can be appropriately used in revising explana- 
tions. " 



1 -X' 



Formal Level (starts about high school age) -can extend explanations to predict 
observations and objectively compare one's owniexplanations vyith alternatives 
by controlling variables and making probability arguments. 



The distinction between the levels given in Table C is illustrated by several students' 
answers to the following problem. Begin by writing your own answers. ^ . 



f 

i. ■ 



A teacher asked -her students to draw what tlie moon looked like. Some students drew it 
as shpwn on the left, others drew it as shown in (he middle, and still others drew the moon like 
the picture on the right. 






■ « 
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Are these pictures all of the moqn? If yes, then explain why the moon has different 
shapes at different times.. , ^ 



1 



"tr^^ — ^ — — 






.■ ■ 






r . . 

■•■'■* ' . . 




^ : 

■ • • . ■ . ' \ 


1 
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^ Now consider the following responses to the same question by some khool children. 

HoNv do their notions of a "scientific e xptpnption" 4\f[^^ from your own? (Refer to Table C for. 
* * definitions of levels of reasoning,) 

Joe, 8 years old . 

iterviewer: How can you explain these diff^elent shapes, Joe? Joe: It divides itself in different 
sMpes..., Interviewer Does it ever put itselfi)ack together again? Joe: In the daytime. In the 
nighttih)eJt divides itself again. Interviewer: ^^hy is it that you can only see this part (pointing 
to crescent) or that part (pointing to half disk) at a timis? 70^; Cause it's been divided up. 

At what level of reasoning is Joe's answer? ^ . . • • 



Explain. 



Derek, 9 years old. 

Derek: Becausfe every month the moon, the clouds come over half of it. And then when the 
moon is full there's no clouds around it. In a year then it goes back to normal. Inter^vlewer: Do 
the clouds stay that way all night? Or do they move around so you see it all different, ways in 
one month. No, it stays that way fiD^r a njonth. 

What level of reasoning is Joe's answer? ^ 

Explain. • ■ ^' - f ■ ^ ' - ' - 



Herbert, 13 years old. 

Herbert: Because at different days, like a quarter moon, full moon, half moon, just changes its 
position. Interviewer: How doiss changing its position change its shape? Herbert Cause, all 
right, if it spins around a kind of fog or mist can get on this p^rt, and it will sort of look like a 
quarter moon.;.. Interviewer: How does one side get light and the other sid^ get dark? Herbert 
Maybe cause refiections can't see the dark side, the sun/ but reflections can see the light side. 
Interviewer: On here (pointing to the fi^U moon) where is the dark side? Herbert: In back/ 
Interviewer: In this picture (pointing to crescent) where do you think the sun is? Herbert: Over 
in this direction. Like the sun is right here and it's showing that part (indicating correct posi- 
tion of sun). \ > ' ' ' 

What level of reasoning i^Herbeft^s anti^ • " . 

Explain.- ^ y^/'-^-^ .^..J^ 

Tina/ 10 years old. 

Tina: Something like its our planet or another planet covering half of it or the sun or something 
covering parts of it... Yeah, our planet. Interviewer Hovf does our planet get up there in the 
sky? Tina: Well, like I-m looking at it cause the sft0dow of the earth is on that part of it. Inter- 
viewer. Inihis piotiiTt (pointing to half (||sk) where do you think the shadow of the earth is? 
Tma: There is no moon like that. Interviewer You've ney^r seen a moon like this? Tl^a: 
There's no such thing as that kind. It only be curved, because the planet's rounh and the 
moon's round so the planet can't be straiglit on one side to do that.^ 

What level of reasoning 1^ Tina*s answer? _ . •-. - ■ ' 




Explain. 



» 



The visitors' reisponses quoted above 
are typical of a large number of interviews 
recorded in 1978 at the La\yrence Hall of 
Science. They are also Quite similar tb the 
views expressed by children in the same age: 
groups that were reported by Piaget fifty 
years ago. Since many of those interviewed 
in our study reported learning about the 
moon- at museums and planetariums, and^ 
could list dozens of facts about reeent lOriar 
explorations, their failures to provide ade7,w 
quate explanations for the phases of the 
moon cannot be attributed to lack of expo-^ 
sure to the correct concepts, 

Joe's explanation illustrates a mode of 
reasoning common to the egocentric level 
child. Egowntric explanations attribute 
Motives and purposes to inanimate objects, 
or assume jail phenomena are produced by 
human actions for human, purposes. This 
mode of thinking is called "animism/' and 
reflects the child's egocentrism. Because the 
child has intention and ptirpose, he assumes 
everything else has these attributes as well. 

Derek's explanation is more advanced 
than Joe's since it involves only natural 
phenomena. However, like Joe, he accepts 
a simple asfsociation as an adequate explana- 
tion. Since many children have noticed 
clouds covering things like the sun and 
moon, it is not surprising t|(at this explana- 
tion is the most c|mmon among children of 
this age. Like JoJt Derek extends this idea 
to invent an explanation, but has little con- 
cern for the need to reconcile new observa- 
tions. What is important for Joe and Derek 
is that their explanations make sense from 
their own points of view, indicative of ego- 
centric reasoning. 

Herbert sewis to have the right idea 
from the very Beginning when he claims 
that the moon ''just chpges its .position." 



However, when asked to explain his ideas 
more fully he at first slips back to an expla-^ 
nation like that gy^en by Derek, in which 
fog or mist covers the moon to cause the 
phases. Then he switches back to the more 
advanced explanation involving reflected 
light coming from the sun. Furthermore, 
Herbert demonstrates that he can visualize 
the relationships by correctly explaining 
where the sun must be in order to produce 
the lunar phase that ^e see. These more 
-^oimplex relationships are concrete level 
explanations. 

Although Tina begins with the idea 
' that something is covering up the moon, she 
quickly proceeds to an explanation which 
involves a relationship among the bodies 
involved. She has a clear image of the. 
earth's shadow and can visualize the moon's 
movement through it. It is apparent that 
Tina 9an recall seeing that a shadow has the 
same shape as the object. She also attempts 
to analyze her response to see if it takes into 
account all three moon pictures, a quality of 
formal level reasoning. When Tina realizes 
that her explanation doesn't fit the straight 
shadow on d^e of the moon pictures, she 
rejects the picture as a fabrication! This dis- 
tortion of reality is quite common when 
people encounter the unexpected. 

Both Herbert and Tina use concrete 
reasoning, and in attempting to e;ctend their 
explanations, suggest the beginnings of for- 
mal abilities. Note that Tina is only ten. 
This emphasises the fact that individuals 
. vary considerably not only, in their rate of 
physical development, but in their rate of 
intellectual development as well. 

A formal level explanation would be 
demonstrated by the ability to draw or inter- 
pret fully a^ diagram of moon phases like 
that shown earlier in this module. 
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D. Applying the Theory 



In this module we have analysed the 
reasoning strategies of individuals in order 
\o develop guidelines you can use for select- 
ing topics and presentations that, particular 
groups of visitors can understand. You caa 
also use these tooLs to help provide the kind 
pf experience that can help visitors advance 
to a higher level of intellectual development. 

Piaget refers to this process of intellec- 
tual advancement as **self -regulation." 
According ! to the theory, self-regulation 
begins when an individual first uses his / 
present (reasoning strategy to attempt to 
solve problem. When the present reason- 
ing strategy clearly fails to produce a satis- 
factory solution, the . individual has the 
opportunity to modify liis or her reasoning. 
If the problem is not so far beyond the indi- 
vicml as .to be frustrating, a more advanced 
and successful strategy may result.. For 
example, a person who has di^culty with 
the Martian Dilemma, begins by drawing the 
moon just as he sees it. If the individual 
then is surprised to tind out that other indi* 
viduals at different positions drew quite . 
different pictures, his reasoning strategy wilt 
^ challenged. The opportunity will then 
ejtfet for the pefsofl-4o develop a more 
advanced strategy. 

The most important aspect of this pro- 
cess is that the visitor constructs a more 
W^ctive strategy on his dm. Telling the Vic- 
tor in detail how to solve the problem wdl 
not promote self ^regulation, although hinft 
may help once the^ visitor begins to seek 
hew strategies himself. 

To sunlmarize the 't'rocess of self- 
regulation: It is necessary to begin with ideas 
which are familiar to the visitors so they can 
use theiF present reasordng strategies. By 
introducing a moderate /state of disequili- 
brium, that is, where thek present reasoning 
doesn't work, you will presents situation in 
which the visitprs will be especially suscepti- 
ble to helpfdH^uggestiohs from you or other 
visitors at^t how to rethifik their 



approaches to problems. If, however, the 
level of difficulty is )oo great, frustration 
may occur, and the visitors may avoid the 
situation in the future. >yhen the level of 
difficulty is just right, the visitors will be 
able to construct for themselves new reason- 
ing strategies that they will continue to use 
in the future. 

To apply this theory to planetarium, 
programming, you may wish to keep in 
mind the following general points: 

1) Many of your visitors, including adults, 
•will approach astronomy problems with con- 
crete or egocentric striategies. They will not 
become involved in the program unless they 
can start at thejr 9>>vn level. 

2) Some topici^ ' can be understood using 
concrete or egocentric approaches, while 

. others require format reasoning in order to 
be understood. Consequently, by carefully 
selecting tonics you can design programs 
which begin at the level of your visitors. 

3) If visitors tan become involved in a topic 
at a level whick is comfortable for t|iem, 
and then are challenged by sligt>tly^ore 
comi^ex or unexpected information, they 
may experience imellectual growth. In 

V other words, experiences like these not only 
help the visitors undelrstand particular con- 
cepts in astronomy, buVmay also improve 
their abilities in such general areas as using 
frames of reference, classimng objects and 
events, and formulating sciehtific explana- 

, tions. ■ * '■ \ 

For easy reference whenXplanning 
planetarium programs, the follovfing page 
contains a summary of the Piagetian l^els 
of reasoning for the three ability areas dis- 
cussed in this module. Vom should liow m. 
able to use this list to "rate" any presentation 
'as requiring egocentric<# concrete or formal 
level reasoning; Jhis approach can help you 
develop^ on. revise programs to be more 
appropriate for your visitors. 

■■■■ rv-V , ^ 



.■■\ ■ ■ '". : 



33 



7 



A 



o 
I 

CP 

.1 a 



cn 

a 

2 

'3 M 




SUMMJQlY OF PIAGETIAN LEVELS OF DEVELOPMENT 



Egocentric L^vel 

. starts . about Qge 4 ^ 

- . *' } ' • ' ' ' 


Concrete Level 

starts about age 8 or 9 


\ Formal Level 

starts about high school 
• age '•• ' 


Can imagine only one's i 
ovfti point of view. 


Can fi 
viewpoj 
after a 
ence. 


nagine another 
nt, but only 
concrete experi- 


^ Can imagine a situation 
from different points ®f \ 
view. 

^ . . 


Can notice similarities ^ 
and differences, and 
can classify only.* after 
much trial and error. 

. t ■ 


Can cla 
. tTiait, 
objects 
more 
and ) 
along a 


issify by a single 
recognize that ' 
^may belong to 
:han'^^ one class; 
irrange • objects 
continuum; 


Can arrange objects in a 
hierarchy and then 
rearrange the objects in . 
a"ew hierarchy. * ' . „ 


. Attributes motives and 
purposes to inanimate 
objects, or assumes all 
phenomena are pro- a 
duced by human . 
actions for hunian pur- 
poses, e.g. "The sun 

f conies up so we'll feel 
warm." 1 


More complex relation- 
ships between, various 
elenients familiar to the 
individual can no\f be 
' used to explain 
phenomena. Nrf?v 
observations can be » 
appropriately used ih 
revising explanations. 


Can ' extend explana- 
i. tions to predict obser- 
vations and objectively 
compare one's own 
Explanations with alter- ; 
natives by \;oritroIling 
variables and 'making 
probability arguments. ' - 
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he following pfoblem provides an; opportunity to integrate ^11 of the information 
in this module. • v ^ , . 



TEACHING PHASES OF THE MOON 



' Suppose your goal is, to design education experiences so that^by the time a child reaches/ 
high schdol he or she will beV.able to provide a formal levefl explanation for the phases of the 
moon. Based on your knowledge of the various levels of reasoning ability; please butlinef the 
experiences and explanations you would provide during an individuars development to reach 
your goah ^ ^ . 



FIRST GRADE 

A. Experiences and explanations in the planetarium: . 



B. Experiences and explanations in the classrpom: 



C. Experiences outdoors:' 



1 ■ 



t 



■ ■ ■ ' 

FIFTH GRADp/ 

A. Experiences and explanaillons in the pl)kietarium:^^ 



B. Experiences anfl explanations in the classroom: 



•4- 
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A. fi^ljeriences and explaitationsi in the .planetarium: . 
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Experiences and explanations in the classroom:^ 



C. Experiences outdoors:. 



NQtES: 
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Module 5 

QlTEfeGHlNG STRATEGIES 




The objectives of this niodule are to introduce to a scKeme for iplassi^l^^ 
questions, to iiror^de practice in identifying types of questions, and to illustrate . 

. ,|l|ow .to1lraiK'prpflies of the typeW jIynid seque)|,ces of questiblj^ |hat you a^k during 
V a plaiteUrium piosram, These tools can 1ieti^ yj;ni increase, the Value of diafog 

AyouholdW^ 



When properly phrased; your questions 

niotiyate and sustain iijiterest, develop and ' 

modify attitudes, stimulate fresh ^vays to 

dear with idfeas, and elicit specific cognitive 

processes such as -recalling, inductiVe afnd 

deductive reasoning and speculating; 

•I . . ' .* ■ 

. Although asking visitors questions is a . 

valuable educatipnat^lecHnique, It is npt a 

cdmmotf aspect^ of most r planetarium pro- 

;grariis. It may not be p|actical when avidi- ? 

Bnces n*umber; iri\ the Btindre^^^^ For a 

"school sHojii^^ M^^^ one. Or two\classes 

at^nding or even . publfc^^^^ in small 

planetariums, questiqna^^iiJfith be a Simple and \ 

efiiectiye meaiiS of ini^r^asing yiSii^^ partici-^*^ 



pation, The socratic qrganlzatiori plan tiis- 
: cussed in Module 3 relies on your ajbility to 
question the visitors skiWfylly, , 

This' module is designed to'^heip yoij 
develop an eflfective questioning . strategy. 
Section A'provides^a useful set of categories 
for: examir^ing- quesUpn types. Section B . 
applies these categOrieis to dialog fpm a real 
planetarium program, Section C suggests 
straiipgies for : sequencing questions. Section 
0 provides a cobv^^^ for planning 

or reViewing quQsUon strategies. Sections 
:E aind F apl^ly a similar analysis to the 
JttStM^tof • s responses tp visitors' answers,. 



A; Gategorizing Questions 

A question is a question Js a questiim until one i^cpgnizes differanods among them., 
Different classes of questions require different classes of answers. Suggest a few tentative 
categories to classify these questions: 

[i] What does a light-year measure? ^ " 

[21 What topics would you like me to coyer in bur next planetarium show? 
[3] Did yoti hear my last question? 

[4] Based on your observations of the setting sun during the last two weeks, where do you 
. predict it will set one week from now? 

[5] Would you like to be an astronomer wben you grow up? 

16] Planets certainly arenU as hot as stars/are they ?v 



' . Categories 


. Example Numbers 




> 


\ X 

r^- — ' —r^ • •■ • ^ 













The value of categorizing qUestionk is - 109)^ of 38 planetariums found that 98 per- 

to .increase your awareness of how different cent of the questions instructors asked of 

(luestions can' stimulate different kinds of visitors required ^only information recall. By; 

thinking by the visitors. Ot^ question may examining your own^ mix of ^uestidns^ you 

flex their i^emories, another' may challenge will be able to increase the range of qpes- 

them to deeper thought, while a third ^ay tions you ask, and thus increaie the range of 

encourage Ihem to make their own value Cental processes stimulated by your plane- 

judgmeiiti. This ranse of mental activity is / tarium programs. 

certainly worth cultivjyng. . Questions can be assigned to many 

Most planetarium instructors^ ques- \:! valid^^ets of categories. The categories you 

tions do not achieve this range. research / have brpposiad^* are very likelj^ to be 

study by John T, ^urtin (reference on page \ represented in the following classification 

; ■■■ \ . ■ ■■■ . ■ 

■ ■ ^ ' ■ • •. 



scheme developed by Lawrence Lowery. As 
youVe probably observed in devising your 
,own categories, no scheme is likely to be 
entirely satisfactory to everyone, but/ the 



particular categories below are the result of 
much testing and revision, and are quite 
useful, ■ 



TYPES OF QUESTIONS 



T 

) 



Narrow 



Broad 



Other 



Direct Info Synthesizing 



Open-ended Feeling 



Rhetorical Mattagerial 



Narrow Questions ^ 

A narrow f question has a certain 
"correct" answer or a limited number of 
acceptable responses related to it; when you 
ask a narrow question,, you are hoping for a 
response that matches something you know. 
There are two types of narrow questions: 
direct-information questions and synthesiz- 
ing questions, 

a. birect'ImfMrnaUon Questions 

These questions reqiiire the visitor to 
recall information or to recognize Tttfwma;^ 
tion that is readily at hand. 

Examples: | , 

"Which planet is farthest from the sun?" 
"What does a light-year measure?" 
N'What did Viking diiscover about life on 
Mars?" ' k ^ 

\Such questions are qseful if you want 
the visitor to recall a fact, define a term, or 
identify\something seen beforf Responses 
to direct-iriformation questions will often be 
one word Or short answers. Questions that 
can be answyed "yes" or "no" usually fall 
into this category . 

/^Asi part of a strategy, direct- 
information questions can be used to find 
out what visitors know, to re-establish what 
has gone on in a previous experience, or to 
establish a base of information upon which f 
new knowledge wilt depend These ques- 



tions,are generally efTective at the Iteginning 
of a program to "set the stage" or to 
emphasize certain pbser^ations before 
proceeding to analyze them. 

b. Synthesizing Questions 

These questioiK require the visitor to 
relate information in a specified way. 

Examples: > 

"Based on your observations of the setting 
sun during the last two^weeks, wh&rc do you 
predict it will sbi one week from now?" 

"lUsing shadows on the moon's surface as a 
guide, which lunar features ^do you find to 
be'the tallest?"' 

"If the astronaut is ten; Hght-minutes away 
from earth, how long will it take to receive a 
reply to our message?" j ' 

Such questions are useful if you want 
the visitor to compare, contrast, associate, 
or state relationships.. 

^ To Vtspond to synthesizing questions, 
the visitor must know certain facts, be able 
to associate and put them together, and 
describe the relationships in his or her own 
word^. 

Synthesizing questions can be used to 
help visitors pick out similarities and 
differences, classify V use previously learned 
inforniation in a new way, or develop in his 
or her own terms an idea that you have sug- 
gested. ' ' 



Broad Questions 

I A iM^oad question has a wide range of 
acceptat^ responses; when you ask a broad 
question, you are hoping for unplanned, 
divergent outcomes. There are two types of 
^ broad questions: open-ended and feeling 
• question^ 

^. Open-Ended Questions 

These questions allow the viisitor to 
explore freely in his or her own terms, 
without restrictions and with only minimal 
guidance by you. *^ . 

Examples: ' 

, "Why do you think ancient civilizations 
created their own systems of constellations?" ' 

"What topics would you like me to cover in 
our next planetarium show?" 

"What is your conclusion about UFO's after 
hearing these reports?" ' " - 

Responses to open-erided questions are 
rarelyjpredictable, and the methods visitors 
use to find answers are selected by the visi- 
V ' tors ttiemselv^^s. ^ 

As of a strategy, open-ended . 
.^^f^^^gjiiestions can broaden the field of study and 
suggest new approaches. Open-ended ques- 
tions allow you to develop an investigation 
through questions that donU limit the possi- 
ble sohitions. 



Feeling Questions 

Feeling questions ask the visitor to 
express an emotional attitude rather than 
make a |]iurely objective response. 

Examples: ; 

"How did ybu feel when you first looked at 
the ririgs of Saturn through a telescope?^ 

"How do you feel about the amount of 
money being spent on space exploration?" 

"Would you like to be an astronomer when 
you grow up?" 



Such questions are u$eful if you want 
the visitor to formulate an opinion, share 
feelings, or become aware of the feelings of 
others. 

To respond to feeling questions, the 
visitor must believe that he or she is in a 
trusting situation-one in which responses 
will be accepted and not criticized. 



Other Types of Questions 

There afe at least two other kinds of 
questions commonly used in the plane- 
tarium: rhetorical questions and managerial 
questions. \ 

a. Rhetorical Questions 

These questions are used to reinforce ^ 
point or to. provide emphasis. 

\ Examples: - 

^"Earlier, I told you that a light-year i$ a 
measure of distance and hot time, right?" 

"That is true for niost of us, isn't it?" ^ 

"Planets certainly arenU as hot as star?, are 
they?** 

When such questions are asked, 
responses are hot really expected although 
responses are sometimes given. 

Other questions can function rfietori- 
cally when yqu supply the answer or when 
the question is not followed by enough time 
for visitpTs to respond. 

' • ■ . ■ .. ■ ■ - 

b. Managerial Questions\ 

Managerial questions/ are used to keep 
things moving smoothly. 

Examples^^ 

"Can everyone hear?" ^ 
"Will you f>lease raise your hand if you wiste 
to speakf" 1 
"Who needs more time to find their constel- 
lation?" 
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B. Practice in Classifying Questions 



A method tha^t^ you might find helpful 
when trying to identify add classify ques* 
tions is to decide first whether the question 
is narrow, broad, or other. If it is hallow, 
decide whether it is direct-information or^ 
synthesizing. If it is broad, decide whether 
it is open-enddd or feeling; If it is other, 
decide whether it is rhetorical Or managerial 

When deciding between direct- 
information or synthesizing questions, you 
might find it helpful to analyze what type of 



idea (synthesizing), If the question is 
broad, you might ask youriself if the ques- 
tion requires: 1) free and undirected investi- 
gation (open-ended); or 2) personal opin- 
IhJions and emotional responses (feeling). 

During the workshop, differences of 
opinion will often occur about how a given^ 
question should be classified. This is 
because it is sometimes difficult to know 
what the questioner's intent wgs. However, 
discusvsing these differences of opinion can 



thinking the question requires: 1) recall aiftl be very useful both to familiarize yourself 
recognition of informatiorf (direct^^-<^ with the various categories, and to recognize 
information); or 2) analysis of clue3 and/or 
induction to etrrive at a particular answer or 



the ways your planetarium visitors can 
misunderstand what is expected of them; 



Please classify the ten numbered questions on this transcript. Record your decisions by 
checking the appropriate boxes on the following page.- the first two are already marked on the 
chart as examples. . • 



i: "Good evening. As our planetairiym sky darkens, can anyone recognize the Big Dipper?" 

■■■ ■ • -.(1) . . / ■ ■ ■.■ ■ - A ■ 

V: "Oh, I see if'Teah, I see it too." ---- - \ 

I: "Okay, will you please take this light pointer and show Jhe rest of us where the Big Dipper 

is?"- (2) 

I: "Thank you. Welf, that's the Big Dipper. Just about all of the stars that we can see in the 
<r sky belong to groups like the Big Dipper; and people have been naming the cbhstellations\for 
V . iust about as long as there have been-people. Why do you think people do that?" (3) 

»V: "Worship." . . v 

' I: "Okay, worship; that's a good possibility. What's another?" (4) 

V: "To go places." . . ^ , \ 

I: "How would knowing the constellations help you to go places?" (5) \ 
V: /You'd like to know yhich wiay to go from the stars. Dirptions." 

I: "Yes, knowing the constellations does help you find your way. Does anyone knpw how to 
use the Big Dipper to find which way is tiorth?" (6) 

V: "I do, I think." , . . 

I: "Okay, will you show us please?'' (7) . 

V:. "It's this bright one at t^e end of th^ handle of th(^ big dipper, the North Star." 
I: "You've got the right idea, but the wrong star. These two stars at the end of .the bowl point 
' to the Korth Star, right here. Tjhen, once you've found the North Star, look down at the hor- 
izon, Just below it. Tlia^ direction is north. Okay?" (8) 




I: "Wi've discussed at least two reasons that ancient people might haye named the constella- 
tipns: for worship, pr religious reasons, and to find directions. How do you feel when you 
*tocate scimething yp^Ve familiar with, like the Big Dipper In the sky?" (9) - »| 

V: "Lik^ I just saw /a friend." "Gpod." * * 

I: ''IMl tdjl ypu wh». I will give each of you a star map and let you find the constellations right 
here in tlie planetarium. Is there tj|jgh© ^ho has not yet received a star map?" (10) 





/ TYPES OF QUESTIONS 
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Assuming this section of X planetarium program was typical of the entire program, please 
analysenhe instructor's questionihg strategy: \ 1 

1. Is the range of question types ahd the kinds of thinking they stipulated satisfactory? How 
would you change the mix? . . | • \ 



t|j(i 



2. >||^at specific part^o^this series ^f questions could be improved?^ 



T 
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3. What other general comments suggestions for improvement can be offered to the itistruc- 
tor in this case? \ 



i 



C. Sequencing Questions 



Questions yiu ask your visitors may be 
placed in different sequences to achieve 
different objectives. There are many pgssi- 
ble questioning strategies, but you will prob- 
ably fftid it helpful to identify just a few that ' 
work well for yc|u. Here are two examples: 

One strategy begins with narrow ques- 
tions to giveVthe visitors an opportunity to 
sfiow what they already kriow, or to make 
some, very simple observations, Then, after 
some of the facts have been established, you 
can ask synthesizing questions to lead the 



Visitors to make comparisons ^d notice 
relationships. Once they undelstand the 
basic ideas through these harrow questions, 
the visitors can ^ be led to think ,morp' 
creatively about the topic through bperi- 
ended and feelihg questions. This strategy 
is illustrated' '1^ the following sequence /of 
questions asked by a planetarium instructor 
during an activity in which the visitors 
observe light sources through hand-held 
diffraction gratings passed Out during/ the 
program; 



Direct 
Info 



Synthesiz- 
ing 



Open- 
ended 



+. What was the main color that you 
observed in the hydrogen gas? What 
colors do you recall from the helium gas 
tube? ; ^ 



2. How do the colors of helium di^er 
from those of hydrogejn? j 




3. What colors do you see jn this, 
artificial star? 



4,1 From your own observations, what 
kind of gas dp you think this star is^made 
of? How did you determine that? 



S. How might <this technique of studying 
stars help astronomers learn more about 
the universe? 



Classify each of the above tiuestions by 
checking the appropriate column. Then, 
draw a line , between the oheckmarks. This 
line is a visual rbpresentation of one ques- 
tioning strategy. Do the same for the other 
sets of questions on the next two pages. 

AVdifferent strategy can involve the 



visitors in open-ended thinking from the 
outset. These broad questions $an be fol- 
lowed by synthesizing and direct information 
questions to examine the implications and 
details of the topic. This strategy is illus- 
trated by the following gequence.pf ques- 
tions asked after a planetarium aramati^a- 
tion of several classical UFO sightings: 



V- 
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Direct 
Info 


Synthesiz- 
ing \ 


Open- 

iended 


Feeling 


\^ : • . 

1. Do you feel thatuwst people who 
report UFO*s are being honest and report 
exactly ,what Ihey see? i ^--^ ~ 


* ■ " . 








2. What are some dinerent explanations 
you can think of to explain these unusual 
sightings? 








. ■ X 


3. What further information would you 
need to decide if a weather balloon or 
plane is involved? 








\ 


4. If you observe a UFO» what informa- 
tion will you write down? 

• ' i 






; 





Now develop your own questioning strategies for the two problems that follow. 



ERLC 



^ Problem #1: Suppose you have just presented a public program summarizing the US space pro- 
^ gram. List a sequence of questions that would leiad the visitors to consider the potential uses of 
a permanent space colony. 





/^Direct 
info 


f ' 

Synthesiz-/ 
ing < 


Open- 
ended 


Feeling 












. . . 










* 

3. ■. 




y 






4. ■■ ■ ■' ' ; -X ■ , 

■ ■ '' ■'!■., ■. ' 
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Probleni #2: Suppose you have just presented a planetarium program in which you illustrfte 
many of the characteristics of the planets. List a sequence of questions that will allow the visi- 
tors to discover fc^r themselves why some planets have craters and others do not 
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p. Recording aiid Improving your Questioning Strategies 



The methods described in the preced- 
ing pages of this module can be directly 
applied to planning planetarium programs. 
However, even the bfest-plainned programs 
J take unexpected turns:; To improve your 
questibning strategies for sucti reaMime 
situations, it can be very valuable to 
audiotape one or two 6t your planetarium 
programs and then analyze your ''live'' verbal 
interactions with the audience. 

When you analyze your own 



audiotape, it will not be necessary to make a 
complete written transcript. It will be use- 
ful, however, to write out anc[ number each 
questionr Then you can use the form below 
to record the kind& and sequences of ques- 
tions that you used during the program. 
Comparing the question patterns with your 
objectives for eaqh part of the program, will 
help you decide if you should change your 
. questioning strategies. | 



TYPES OF QUESTIONS 
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E. Responding Strategies 
# " 



■ >l)sing Wait^Time ' 

' 'Most instructors wait only one or two 
seconds after asking a question in a class 
before ^they either: 1) caU .on another per- 
son; 2) ask another question; or 3) give the 
answer to the question themselves. Perhaps 
many feeJ that unless someone is talking, no 
one is learning.^ < 

Research indicates that if you wait a 
bit longer after a question is Wed, there are 
observable differences in the behavior of the 
people being asked the question. For exam- 
v]p, if you wait only 'a short time-one or 
two seconds-then one-word visitor 
responses result. These quick Responses are 



/ 



often guesses, and are seldom complete sen- 
tences or contain complete thoughts. If, 
/however, you wait for a longer period-four 
to six seconds-visitors tend to respond in 
whole sentences and with complete 
thoughts. There is increased speculation in 
the visitors' thftiking, and they tend to jus- 
tify answers more fully. 

^ Sometimes & four to six second waiting 
period seems like, an eternity, but wait-time 
research suggest; great value 'in a^usting to 
this pattern. For more information abbut 
this research, see references to Moriber, 
1971, and Rpwe, 1969, in tfie annotated 
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biblipgraphy /bagelU).- 
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Responding to Visitors' 
Answers and Comments 

No mattp) how carefully a sequence of 
questions or activities is planned and exe- 
cuted, no significant thinkid^ will occur if 
the visitors are worried about feeling 
•wrong" or "stupid" in front of others. How 
you react ind respjond to their ideas early in 
the planetarium ' pifogram is crucial td the 
degree of participation you can expect dur- 
ing th$ remaii\der or the program. 

Your response\to a visitor's commeqjr 
should be in harniohy with the question or 

Jask that preceded the comment. For exam- 
ple, if you ask a narrow question (direct 
information or synthesizing) a positive or 
negative comment on tne visitor's answer Is . 
expected and appropriate. However, if you 
ask a broad question (open-ended or feel- 
ing), neither praise nor cnticiSm is appropri- 
ate and tdnds tfo inhibit fukher participation. 
A more , appropriate response to an answer 
to a broad or feeling question would be an 
accepting response. Three kinds of accept- 
ing responses are described in the following 

^paragraphs: V 

Passive acceptance is a response which 
lets the visitor know that he or she has been 
heard, but without giving a value judgment 
about* the quality of the statement. Exam- 
ples of passive acceptance arer \ 

"Um-hmmm." "Okay." "That's a possibility.;/ 

Active acceptance mvolves repWsm^ 
translating, or summarizing what alitor or 
several visitors have said or d^. This kind 
of response demonstrates :n(^i||y tha\ you 
have hearc^ the visitor's.^essa^, l)ut\also ' 
that you have understpOd it. This type of 
response is non-jud^j|fiental and encourages 
further participati^on.i Examples of active, 
acceptance are: » . \ 

*"What I hear/you saying is that water on\ 
Mars couldJnave soaked into the ground, so y 
there niay/oe Martian life underground."^ ^ \ 

"These ffouf people seem to feel that the ' 
reddish star moved, but at llftSt one person 
disagrees. Pfexhaps everyone should watch 
this one star rie^t time to try an(f decide 
whether or not it mov^d." 



Empathic acceptance involves feelings 
as well as ideas. By giving an empathic 
response, you indicate that you havd^heard 
and appreciate the visitorsV feelings, emo- 
tions, or behaviors. Examples are: 

"I understand why you are upset with money 
wasted ori poorly-planned government pro- 
grams, including some space research." 

"Don't feel embarrassed about having 
difficulty understanding ^inslein's theory of 
relativity. In mapy ways it is contrary to 
comnlfcn sense." *^ 



Replying to 
Visitors' Questions 

Often slides, activities, or ^iscussions 
provoke questions from the visitors during 
the planetarium program. Whether or not 
the questio[]^are pertinent to your next 
point, they usually are related to the topic- 
at least 4n the visitor's mind. It is impor- 
tant, therefore, to satisfy the visitor's need 
for information, while maintaining the gen- 
eral flow of the planetarium program. This is 
hardly an ^asy task, but the following'^ 
suggestions may h^lp: 

IXSometimes a short, factual answer is all 
that\a visitor really wants. For example, it* 
response to the question "How far away is 
the moon?", you might resist the temptation 
to define mean distance and instead reply: 
""about a quarter of a million miles away.'* 

2) You canNsometipies invite audience paj-ti- 
cipation by Admitting- you can't ansjii^ a 
visitor's question. For example: "I don't 
know what Native Americans called the Big 
Dipper. Does anyone else know?" 

3) When the, visitor really has the means of 
answering his or her own question, you 
might use the opportunity for further 
instruction. For example: *Tou can answer 
that^ yourself by looking at your star map. 

V Which part of the horizdn is Leo closest to^ . 
\okay, then that's the qirection you must 
took tonight to find Leo tii^e Lion." 



\ 



I 



Listen tbsan audiotape of a plahfetarium show that you presented, (You can use the sanie 
tape that yeu m«de to study your questioning strategies,) This time, attend to the responses 
that you made to^xthflf visitors^ comments, ideas, arid questionsv^ Classify each response by- 
checking the relevant below. . ' 




Responsive Belikyiors 

' . \ .• 1 


rti 111 

Tallies 


wait time 


adequatex 
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should be longer 
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response to 
visitors' 
answers and 
< comments . 
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praise 




criticism 




passive acceptance 
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j active acceptance ^ 
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supplied answer 
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1. Are most'fesponses in harmony with the types of 4pestiotis^kecl;?. 



2. Which kinds of responses were used most freciuently^ 



■v.-- 



\ 



i) 



• • • ■. . •.. ■■■■■ y ' 

3 . HoW did visitors react to differei\t kinds .of responises? 



4. Are there specific situations in which a different response might have encouraged more p^irti- 
cipation? . 
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ACTiyiTIES 

FOR THE PLANETARIUM 




This module will enable you to select^ adapt, and invent activities that visitors 
c^n perform during the pUn^tarlum program. 



Hearing about.Vienge, seeing it iUus- 
trafed, arid talking atfout it are fine-but few 
experiences of hearing, seising, or taflcing 
can equal. the. .excitl^ment of actually doing 
science.' ■ - . ■ •. \ 

The core of a "participatory oriented 
planetarium" (P.O.P.*) . program is an, 
act|yi^ty; that invcjives the visitors in the pro- 
cess of science, i By discovering -something 
abdut t}ie universe through their own 
actions, the planetarium visitors cori^e' closer 
to tjie real experience of science/ ' 

Abtivitjes proVj^eVeral opportunities 
for lQ,armi*fe^ that aij^ avallabi^-iti^a pro^v 
,grafti that is^ i)W|[|j^dact^ an instrufiT, . 
■tor, you, can ol)S](r^ the difflcuW your ^ 
vh!itQi::S enqo^jii^^ giving you valuable feed- 
back on how V^H you;-a/e conimunicating 
(see "Module 1). The visitors ^h^ive more 
oppb/tunity to obecome directly involved 
Ith the subject ^nd to' interact 'with the?^ 
sttuctoh (as discussed in Module 2); 
I Alluding activities in the program eijables. 

Ri to- organize the planetarium experience 
Tn-a variety of ways (ps discussed iri Module' 
3)oi and perhaps most imHoitantlyLcoftcrete. 
"ej^periencesWe often essential rtff people of ' 
f all ages, to* tinclerstand inforrnation in an 
^ unfamiliar area p as discussed ih Module 4), . 

* THe Pop acronym was coined by several prd- 
ponents of the^edinique dprlb^ ih^ August 1975 
Planetarium A©oclation . of Ct^nada meeting, in 
TorOntQ. ; 

The original^ members of th^ POP group 
,were Jeanne Bishop, Dale Etheitdge^ Samuel Far- 
roll, Jane Oeoghegan, Ron Hartman, Paul Knap- 
penkerger, Randy Miillin, Tom O'Brien, Rftn 
tDlowin, Dennis Schatz, Lcc\flimoQ,/and Roger 
Woloshyn/ . ^ 




We will examine a range of activities, 
some suitable for general public shows, and 
others developed for students at specific 
grade " levels. Activities can be used for 
sirigle- visit prograrns^ as w^H \ as for 
: mujtiple-unit classes, 

Section A dlescribes three typical activi- 
ties that have beerl used sucfcessfully in 
single-visit programs fof the public and for 
schools.. Sectioit B suggests how to use our 
categories of organization, reasoning ability, 
and question ' strategy to help you select 
activities appropriate to ; any audience. 
Finally, Sectiorl X;;i*provj(Jes< details on 20 
■planetarium activities. 




Planetariutn visitors ' observing gas. 
discharge 4 tubes through ""^Mfriictfoi^ 
ings. After seeing the ch$racteristic c<)l^^^^^ 
of hj^drogen; helium^ merpjiry vappr, ati|; 
argon, the visitors can identffy the composir; 
.tion of an unknown "stjir " * ^ I; : 



A/ Inventing Activities 



You can invent an activity by thinking 
iabout how the scientific inforniation that 
you wish to present was discovered in the 
first place. Then, irtiaglne how some aspects 
of ihat discovery 'could be shafed by the 
visitors. For example, in planning a pro- 
gram about Mars, we began by thinking 

about how astrorlomers have made 

■ - • " .. . ■ 

discoveries about Mars in the past. Eventu- 
ally, we decided on three activities tY\^t 
would enabliB^ the visitors to rediscover 
information about Mars from the viewpoint 
of astronomers living at widely separated 
historical periods. 

. The. Mars discovery activities form the 
core of.thfe planetarium' program, "The Red 
I^JaneT Mars," included in Appendix D. 
Below, we havevbriefly summarised three 
activities from that program; After reading 
each^ example, think about how you might 
use'a similar approach to communicate con- 
cepts that are of current interjest t0 you. 



Example #1 
Find the Planet Activity V 

The instructor explains that the 
ancient /Greek astrono.mers did not ha^ve 
telescopes^ so to them stars and planets 
looked just the same. They observed, how-' 
ever, that a few "stars," including Mars, 
wandered among the other stars from night 
to night; They called.thesie "wianderers," or 
in Greek, "planetes," which is the origin of 
our word "planet." 

To discover the planet M^irs in- the 
planetarium sky, the visitors are asked to 
find a reddish or orangish '^lar. After three 
Mars dandidates are pointed out by the visi- 
tors 'usiog a portable light pointer,' the 
instruc|CMf asks ho>v we might tell which of 
these stars is lei wandprfer. "See, what the sky 
looks Uj^e a few.nights from now," "Com- 
pare with the-:stars arbund it," are sugges- 
tions from the^;a^d!enee^^^ , 

T^xt, Ift^" instructor divides th^ audi- 
ence into three: groups^ Qac)^ assigned to 
t)bserv?^^:Oi[^e ' of ^th^ stars. 
:: After, iiiiaulf tin^ sevefat iveeks of elapsed 



time (by turning daylight up and down 
several times and advancing Mars incorispi- 
Cuousiy), the instructor asks each group to 
report on whether or not its star "wandered" 
^mong the background stars. During two or 
three such observation periods, the visitors 
have an opportunity to check each others' 
results, and eventually ' agree on which of 
thjp thr^e candidate stars isTeally'Mars./ 

In. the above activity, the visitors are 
not told by an authdrity-^hich of the brilli- 
ant red stars above them is Mar?. They dis- 
coVerMt through^ their own collective efforts. 
This ; kind V of activity not only teaches 
specine facts (placets were defined and 
detected by motion against background: 
stars), but may make a signiiScant improve- ' 
ment in visi^orS^ attjfujles toward sdencfe in; 
general. Here is a chance foir people who 
may be shy or frustrated about science to 
experience success: They can science! 

* Wl^^t othef ^aked-eye* phendmena can 
visitors to your planetarium discover, with 
planning and guidance from you? 



Example #2 , 
Mapping Mars 
Through A Telescope 

After the telescope was invented, a 
great deal more information about Mars 
became available. To enable visitors to 
experience both* the satisfaction and some of 
the difficulties j encountered by Mars 
observers like Pefcival Lowell, visitors are 
asked to draw a map of Mars while looking 
at an ihiage projected onto the^ donrle. To 
simulate the effects of the Earth's atmos- 
phere, the.' image of Mars first passes 
through a rotating plastic disc unevenly . 
smeared with vaseline. One fairly clear spot 
on the disc provides one especially^ clear 
moment of "seeing" every minute. 

When the visitors are finished drawing, 
they are inyited to compare maps with their 
neighbors'. . 




/ 



. ■ ■ s ■ 



Visitors fihd that isome maps indicate 
straight lines and markings on the surface of 
Mars, white other visitors' maps show no 
such features. Discussions naturally develop 
about whether these features are "real" or 
due to observer error or the distortion 
caused by the Earth's atmosphere/ The"^ 
instructor facilit||tes discussion among the 
visitors to decide whether or not specific 
features really exist on the image of Mars 
they have been observing; An opaque pro- 
jector is used to show several visitors' work 
during the discussion.' 'jthe general idea of 
controversy in science can be examined. 

What other observations can your visi- 
tors make through simulated or real instru- 
ments in your planetarium? 



Example #3 
Exobiology Activity ■ j 

The Mapping Mars Activity in the pre- 
vious example enables the visitofis lo experi- 
ence the difficulties encountered by astrono- 
mers during the first half of the twentieth 



century. The Great ^''i^anal Debate which 
raged among the sciehtific community at 
that time was a direct" result of the ambigu-. 
ous data obtained by observing Mars 
through the earth's atfnosphere: . In the 
Exobiology- activity, the visitors are invited 
to play the role of exobiologists who" worfced 
during this period,, whe^n the existence of 
Martian canals was a serious possiblityi^^^^^^^ 

If there were canal dilggers, th(3i>i|^liow 
did they survive under conditions which 
Earthlings would consider /hostile? TheWisi- 
tqfs each sketch their ideas about possible 
creatures that were naturally adapted to Wr- 
vive in: 1) lower gravity; 2) thinner ^tmds- 
phere; and 3) much colder weather than w^ 
experience on ^Earth. There is no single 
"right answer" to this activity, since mafty- 
different ideas are acceptable. This activity 
demonstrates the potential for creative play 
in science, guided by the rational evidfenceV 
but open to iniaginative invention. 

What other designs, models, or Wen- 
tions can visitors create th|t are releva^^tc^. 
astronomy or space travel? 



v. 
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Here are some beings>from the planet Earth. 



— — , 

Invent a being from a Mars-like planef 
which has: 1) weaker gravity, 2) thinner 
atmosphere, and 3) colder weather- than 
Earth. * 






ERIC 



"'the l^t-hand -picture Is provided to visitors for the exobiology activity. The box at right was 
completed by one of the visitors. . , 
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• Classifyifig Activities 



lii addition to 



[inventing new activities 
for a particular pifoferam you wish to pro- 
duce, it is often possible to select or adapt 
activities that have been developed by oth- 
ers. Collections of ideas for planetarium 
activities may bfe fqwad^ in Under Roof, 
^Dome, and Sky, issues of the Planetarium 
Directors' Handbook, the Planetariany and a 
variety of other sources (see Api^endix C, 
Bibliography, sections 1,3,4, and 5 for 
detailed reference's). Twenty \ at^ditional 
ideas rhay be found in the next section of 
* this module. \ 

After selecting or invendng a \ small 
group of activities that might be Incor- 
porated into £i particular program, wp have 
found it Useful to begin program planning 
by categorizing each activity according to the 
ideas presented in ,the previous ' three, 
modules: organization scheme; reasoning 
ability lievel; and questioning strategy. 

The different classifications are useful 
in determining the suitability of an activity 
for a particular audience and purpose, and to 




maintain variety. The categories are not 
ironVlad, especially for activities that have 
several parts and can b^ presented in many 
way^ 

1) Batterns of Organisation as described in 
Module 3 help you to visualize the ways that 
the visitors and instructor interact during 
the activity. Thinking about the possible 
choices of patterns (i.e. didactic vs. socratic, 
small group vs. individual task, group meet- 
ing vs. -informal discussion) may also sug- 
gest ways of modifying the activity and may 
help you work the activity into your overall 
program. 

Most activities are task-oriented 
(either Ipdividual or small group), but can 
also be classified as didactic ("Watch, what I 
project on the dome right here") or socratic 
(instrulbtor leads individual visitors step-by^ 
step through an activity). 

To practice classifying activides, list 
the dominant pattern of organization for the 
three Mars activities described in the pre v| 
ous section- / 



// 



Activity 

I- ■ 

^ ■ ■ ' ■ - ; 


/ Pattern o|i Organization 

(didactic, imall group or individual task, ir\formai dis- 
. cussioh, group meeting, or socratic) 


Find the Planet 






Mapping M^rs 






Exobiology 


. ... ' 

..^^ r ■ — ^_ 



2) Reasoning Levels, described in Mod^'ule 4, 
help you to consider the le^l of reasoning 
ability (egocentric, concrete, or formal) that 
the visitors must use in order to perform the 
activity, thinking about how to classify it 
may also suggest ways to modify the activity 



to make it understandable to a broad^ range 
of visitors. 

)How would you classify the three Mars 
activities according to the minimum intellec- 
tual level required to . perform them as 
intended? / 



* ' ■ * . 

Activity 

* 


Reasoning Level 

(egocentric, concrete, or formal level) 


^nd the Planet 


■ , f • ■ ■ ■ 


Mapping Mars • 




Exobiology 






. ..1 





3) Activity Strategies form third dimension 
for classification. Since each activity, poses a 
question for the visitors to Answer, we can 
classify each activity by using the same 
categories developed for "questioning stra- 
tegies in Module 5 (direct inforjnation, syn- 
thesizing, open-ended, and feeling). 



Decide what Activity Strategy dominates 
each of the three Mars activities by thinking 
about the kind of response expected of the 
visitors. In^a direct information activity you 
expect them to report a fact they immedi- 
ately observe or recall. A synthesizing 
activity^ requires a result obtained by follow- 



Activity 



Activity Strategy , 

(direct iriformation, synthesizing, open-ended, or feeling) 



Find tiie Planet 



Mapping Mars 



Exobiology 



\ 



ing 



\ 



a prescribed strategy. Operi-en^ed 
activities have many acceptable procedures 
and/or results, while feeling activities allow 
for rile visitors to express emotions, 

Now compare the way you have 
classified the three Mars activities with the 
way other people in ^e workshop cl^sified 
them. Tile comparispns probably illustrate 
that some latitude in interpreting categories 



is unavoidable. Slight diiferences in inter- 
preting of category definitions, or in the par- 
ticular objective you stress for each activity, 
can result in different choices. We hope you 

iigree, however, that the general outline is 
lelpful. A prograni that is mostly individual 1 
ask, formal, and synthesizing, for example, 
j^would be useful for quite a different purpose 
from one that is mostly small group task, 
concrete, and open-ended. 



A . 



C. A Collection of Activities 
for Planetarium Programs 



.A I - ■ 

(§n the following pages are twenty 
idbas for activities that can be performed in 
tne planetarium. They were contributecl by 
the participants in the first five trial 
woi^shoRs ,that were held during the sum- 
mer of 1978. These activities can be 
adapted and combined to produce a variety 
of planetarium programs, or they may serve 
as a springboard for entirely new ideas. 

To make it 'Easier to use this collection 
of activities, wd begin this section wiOi a 
two page index. VTo locate ideas that relate 
to a particular subject, refer to the rnaior 
topic categorii^s. ^ ) 

Part i activities ptesent a number of 
phenomena like tfie planets, meteors, 
comets^ and variable ^tars, which the visitors 
study bll plotting their\observations on maps 



and charts. Part II concerns distance meas- 
urements to the stars. The activities in Part 

III relate to scientific communication. Part 

IV Includes aotivities with, phenomena 
related to the daily ro||||fen of the earth, and 
,;Part V incluaes aaivities related to 

phenomena that require a year or longer to 
observe, like the seasons and precession. 

The index provides further informa- 
tion ibout each activity in the three columns 
(following the activity names. The first 
column lists the Pattern of Organization, the 
second, lists the Reasoning Level required of 
the visitors, and the third lists the dominant 
Activity Strategy. As illustrated, in Section 
B, an individual activity may be categorized 
in more than ^rie waj^ dependrng on how 
you present it to the visitors; or the kind of 
responses you are willing to accei^t. ^ 
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^ Part I^LOtTING CELESTIAL OBJECTS AND EVENTS < 




Organization 
Pattern 0 


Reasoning Le)^ 


Activity Strategy 
r 


#1 Invent a Star 
Identification System 

' y ■ - 


small group 
task 


concrete 


synthesizing 


#2 Using Your Fist as a 
Measuring Tool 


Mndividua^task 

1 ^- — ^ — — : . 


1 

concrete^ 

■■ . 'y ' 


s^ynthesizing 


#3 Plotting th? Paths of 
Meteors » 

i 


individual task 


/ concrete ' 


synthesizing 


#4 Retrograde Motion of 
Mars ■ ■ -i! ■ 


individual task 


concrete 


synthesizing 


#5 Plotting the Path of a 
• Comet '. ■ 


individual task 

■ • . 


formal 


synthesizing 

/■ • . 


#6 Ob^rVing a Variable 
Star / 


individualtask 
t 


concrete to for- 
mal 


synthesizing' 


Part II DISTANCE to THE STARS , 

• ^ ■ ^ 


#7 How Far Away is that 
Star? 


individual task 


formal 


\ synthesizing 


#8 Using a Blink Com- 
parator ' 


individual task 


concrete - 


direct injTo ' 


Part III SCIEI^TIFIC COMMUNICATION 


#9 Mythology: Explaining 
the Unexplainable 


socralfc aild 
group meeting 


concrete 

-f— — 


. synthesizing 
and feeling 


> #10 Design a Message for 
CETI 

. 


' '.1 .1. 

individual ]task 

%■ 


concrete 


open-ended 



I 
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PartIV DAJLY MOTION 



Title 



Orga^ation 
Pattern 



^ Reasoning Level 



Activity Strategy 



#11 Hoy Does the Sun 
Appear t<fMove? 



lindividual task 



concrete 



direct info 



#12 Ho^ Do the , Stars 
Appear to Move? 



individual task 



concrete 



direct info 



I #13 How Can You Tell 
JTinMLby the Stars? 



individual task 



formal 



direct info 



#14 How Can You Tell 
^our Latitude by the 
Stars? 



individual task 



formal 



synthesizing 



' Part V YEARLY MOTION 



#15 Long ^ays, Short 
Dayis 


individual task 


egocentric 


direct info 




#16 Where Will the Sun 
Rise and Set in Different 
Slasons? 


individual task 


concrete 


di^ct info 


#17< How Does the Suites 
Path Change With the Sea- 
sons? 


individual task 


formal 


. synthesizing 


"#18 Different Seasons, 
Different Stars 


individual task, 
and socratic 


formal 


-frr 

direct mfo 


■ f 

#19 Find Your Zodiacal 
Constellation / - 


small group 
task 


concrete 


\ 

direct info 


#20 Precession of the 
JItrth's Axis ^ 


individual^ask 


formal ' 


\ synthesizing 



' . Activity #1 INVENT A ST/^R IDENTIFICATION SYSTEM 

recorded by Lee Ann Hennig ( 



Objectives: The visitors will invent a system 
which can be used by anyone to identify 
stf rs in s given constellation. 

Materials: clipboard, pencil, and blank 
sheets of pa^et - fpr each ^ team. Reading 
lights.^ 

Procedure: The instructor divides the visi- 
tors into, an ev^n number of teams, and 
assigns a constellation to each team by cir-^ 
cling constellations with a light pointer in 
the planetarium sky. Each teanr is asked to 
invent a systefti for identifying individual, 
stars in the constellation,^ so that anydne else 
can use the system to locafte a particular star 
from a verbal designation. Reading lights are . 
turned on so the visitors can write while 
viewing their constellations. . 

After each group decides on a system,' 
, they, .are asked to record it on paper and 



/ 



exchange with another team that has 
finished. To test the effectiveness of their 
system, each team is asked to specify one 
particular star according to the method they 
devised. The other team has to fijgure out 
the system, identify the correct star, and 
point it out with a light pointer to show they 
understand how the system works. 

At the end of this phase, the instructor 
asks the visitors to be seated, and asks o^ch 
team to describe the system they invented 
Visitors from the team that used each sys- 
tem can comment on how well it worked 
and can suggest improvements. This discus^ 
sion can lead to the various uses for such 
systems, and then to the "standard'' star 
identification systems that astronomers have 
agreed to use (right ascension and declina- 
tion, magnitude and color systems, galactic 
. coordinates, etc.) 



System A 



System B 



1^ 




1^. 
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Problem: "Find Mimi." 



Problem: "Find Star 1 1 



Activity #2 USING YOUR FIST AS A MEASURING TOOL 

■ " ■ . ■ • ■ ' . : . - ■■ • t 

recorded and illustrated by Bill Lowry 




^Objectives: The primary objective is for the 
visitors ^to be able to use their own fists to 

^ measure the angular separation of twp points 
ib the sky- Other objectives include: learn- 
j^g the notion of measurement by compari- 

' s^n with a standard; the concepts 6f "angle" 
and "degree"; and the *4nve.rse relationship 
between thfe angular siz0 of a given object 
anifl its distande from the observer. 
Materials: Planetarium projector set with^ 

t stains on, moon High in the sky, and light 
pointei^ ready. ^ 

Prckredure: Tlje visitors are introduced to 
the Ine^d fof' angular measlfrements by a 
series jdf questions: "The planetarium, dome 
is clips© enough to touch. What ab^ut the 
otUside sky? Suppose I wanted to pdpt to a 
paj^ular star. In the planetarium y ean u^e 
my flashlight poiriter, like this; buj will this 
pointer work outside? Why not? Well, sup-' 
pose 1 tell you the star is to the e/ast of the 



• moon, Does that help?" When the visitors 
reaU?e that they need a way to measure a 
certain distance to the east, the instructor 
explains how to use fists for this purpose; 
"Reach out with ^ne hand and point to tlie . 
moon. Now ball up your hand to make a 
fist, like this. Close one eye, and line up the 
bottom of your fist with the eastern side of 
the moon. * Just to the left of your thum^ is 
ithe sjtar I want ypu tq look at." [ 

Next, the instructor presents a prob- 
lem which requires the visitors to "stack" 
one fist on top of another to complete the 
measurement. For example, the vijSitors 
could now measure the altitude of the/hioon 
above the horizon in "fists." Remembfer that 
the distance to the target from the ooserver 
will affect the measurement in th^ plane- 
tariunfi, so it is important that the moon is at» 
the zenith to minimize the differences in the 
visitors* measuremerits. 

A third activity involving measure-^ 
ments in "fists" begins by dividing the visir 
tors into Several teams to measure the dis- 
tance between two stars in the planetarium 
sky. Members of :,ea<;h team* take turns 
standing on the same x-spot, and each team 
averages its results. If the two stars are near 
the horizon, and each team is successively 
further aWay, the visitors can compare the 
results of each team and discover for them- 
selves the dependence of this measurement 
on distance in the planetarium. 

It is mstructive to follow up an activity 
like this by having visitprs go outside and 
find that real celestial objects are so far away^ 
that measurements in fists (like the height 
of the sun above the horizon) j^o not depend 

' noticeably ^on where the observer stands. 
With this understanding of how fists can 
function as measurement tools,- visitors ^n 

' measure a large^^ variety of positions and 
events (see for example the Elementary Sci- 
ence Study unit^ "Where is the Moon?", 
(referenced in* Appendix C, Bibliography, 
Sections.) t 



Activity 



;/ 



#3 PLOTTING THE PATHS t)F METEORS 



recorded by Dean Zollmah anJfKen Wih 



■ .'-^ . I 

Objectives: The y visitors will observe 
met^qrs in the planetarium sky and ' plot 
meteor paths on «i^sky map, From the paths 
thby record, the/yvisitors will be able tQ dis- 
tinguish two kiiids of meteor patterns--those 
which appear to radiate from a single point 
in. space (called a •^meteor shower") ^ and 
those which /appear to be random. Some 
vis^lors wil^ oe able to explain what causes 
these patterri 



Materials: i) For each participant: one all- 
sky niap for current season, clipboard, 
straightedge/) and t>yo diiTerently colored 
pencils (atjiv two colors will do as long as 
they can be seen and distinguished io the 
reading .lig^t); 2) reading lights so the visi- 
tors can oiDserve meteors and see iheir sky 
maps simiiltiEineously; 3) a commercial or 
home-niaclp meteor shower projector; 4) a 
light poinipt; and 5) fbptional] an opaque 
projector fpr comparing visftors* data. \^ 

Procedurei This activity begins with instruc- 
tion and pi'actice in using the sky map (see 
)r "Constellations Tonight,** in 
). During this portion of the^ 



fr b^ 



prs identify a bright star 
se0 as the radiant of the 



procedure 
Appendix 
activity, th 
that Will lati 
niet^or shower. ^ 

As the constellation findi ng part of the 
activity winda^ to a clo^e> the instructor uses 
his or her pointer to make a bright streak 
across the sk«: ''What was that? A falling 
star? Stars ddn't really fall. Today, let's 
use the scientific name for falling \stai|^a 
meteor. Mete(»?|5 are . bits of rock and mmal 
that are flQaiingWound in space, and fall to 
earth from time \ to time, burning up in our 
atmosphere as they fall." 

0 Then, ^e instri;ctor asks tbe visitors 
to watch the sky very closely, and to record 



the location arid direction of any meteors 
they see by drawing al long, arrow on their 
sky maps to represent the path of • the 
meteo|, The instructor! uses his or her light 
pointer to create thrpe or four random 
meteors. *'To find but fhat part of the sky 
the meteors are coming from, use your 
straightedge to extehd the arrow backward 
on your map. Do these meteors seem to 
come from any special point, or fijom 
/ different places?" ./ f 

Next, the instructor turfjs on daylight 
and explains that we will Watch for, meteors 
^ on a different day of the year, in hopes of 
seeing more of them. He again darkens the 
dome^ and turns on the meteor shower pro- 
jector. He allows time for ten or twelve 
meteors to be recorded by visitors, using 
miother color pencil "Now 'extend the 
arrows backwards with your straightedges, 
Do they seem to come from one point or^ 
from all over? Does anyone have any idea 
why we saw more meteors tonight, and why 
they seem to come from one point in 
space?" ' ' . '\ 

To explain the radiant of meteor 
showers, an orrery or slides may be used to 
show a swarm of meteoroids orbiting the 
sun. When the earth passes through one of 
these "gravel pits in space" at the same time 
eadh year, we observe a meteor sfower on 
eartli. The meteors seem to come from one 
point in space for the same" reason that 
parallel railroad trapks or telephone poles 
seem to mls^qt at one point on^the distant 
horizon. This is ap illusion called **perspec- 
tive." Random meteors , do not belong to 
swarms, but float singly in space, and may 
appear to come from any direction. \ „ 

[Note: For visiting astronomers, distinguish. 
j between meteor, meteoroid, and meteome.l 



' recorded by Garry ^ckstrom - 



Objectives: The visitors will i^ot the succ^s- 
sive positions of Mars over a two or three 
month period. From their data, the visitors 
will learn that the path of a planet some- 
times apoears to form a loop amoitt the 
stars. S^e visitors will be able to cMlain 
this * apparent ^motion as due to the Earth 
passing Mars in its orbit. ^ 



Materials; 1) For each participant: ^a^ sky 
map of a small region of the sky, clipboard 
and pencil; 2) reading lights so visitors can 
see the stars and ^ their v^q^aps at the same v 
tin^e; 3) a planetarium projector and a com- 
mercial or home-made Mars projector; artd 
4) [optional] an opaque projector for com-"7 
paring visitors' data. , 





Visitor's data sli(Bet for this activity is a 
slcy map o^tlie constellation Leo. | 



One visitor's record of Mars' ffajth over a 
17 weelt period. V 



Procedure: As described in "Constellations 
^ Tonight" (in ''ApperKlix D), the visitors 
. begin with instruction and practice in how to 
; use the star maps/ with thQ Mars* projector 

off. Then, thrinstructor turns up the day- 



light and explaM tlfat "We will now go 
backwards in time to when Mars jastr^ 
appeared in the constellatioo^ on your maps. 
As I turn down the lights, see if ypu iJa^i 
And what appears to be a bright^ redqiish 



.St,. 



V 



1 

I 




to the 



« . st9f, and mark its position 
a dotJ '^rite the 'V 

■••••dot."- ;•■ ^ ■ 

Afte^ the /instructor checks to be sure 
that everyone hafif icorrectly identified Mars, 
he turns up daylight and advances annual 
motion one weelc • (or some other con- 
venient interval). As the sky darkens, the 
visitor^ tnark the^ new position of Mars on 
their mftteivith a dot, ^nd write the next 
, ^ iiiteger. '""i^e process is repeated until Mars 
*• ' coiT]i|letes iis retrograde loop and begins to 
I mo>^ out 6f the mappg^d region. 

' After visitors qjtmplete their plots, the 
o<> '^ [pstructor! asks the visitors to connect the 
: if numbered -dot?; with. oAjff*line, showing the 
• ; Paih of •^ars,^and to compare the paths with 



their neighbors'. Then, the Vstructor asks; 
for voluntisers to describe the path of Mars. 
Finally, the instructor asks the visitors if 
they can think of several different explana- 
tions for the looped path. 

^ This activity can be followed with 
activities to show the geocentric (ei^i^cle) 
explanation, and the modern heliocentric 
explanation . (that^ retrograde loops occur 
when the Earth passes Mars). Having the 
visitors model the two systems with their 
own bodies and actually observe retrograde 
motion can be very effective. Project Physics 
film loops provide very clear explanations of 
retrograde motion in both the geocentric 
and heliocentric models. (see reference to 
Holton in Bibliography, pg. 108). 




v. 



Actiyity PLI)T'^ING THE PATH OF A COMET 
: ^ recorded by Edna De Vore 



;^ 01|)e€tives: The" visitors will observe a 
comet in ihb planetarium sky and plot its 
path on a star map. From this experience 
they will learn that comets travel in curved 
paths around the sun, getting brighter as 
they approach it and dimmer as they move 
further away. The visitors will ^also note 
that the comet tail always points away from, 
the sun. 

Materials: 1) one sky map, clipljioarck^d 
pencil for each visitor; 2) planetwnim pro-* 
jector set just after sunset so visitors can see 
the stars aiid the glow from setting sun; 3) 
. reading lights so visitors can observe the 
Comet and see their sky maps at the same 
time; and 4) a commercial or home-made 
comet projector that can be . adjusted in 
brightness and position. 

Since an dll-sky map for the particular 
son is distorted near the horizon, it mf 
best to prepare a special map sjiowing^ 
the portion of the sky where the^(^{iie( is to 
be projected--covering abqat, 9(> flegr to 
120 degrees in azi/huth. Horizon references 
like trees or ^he cardinal points may also be 
included. 

l^^ocedure; Befpre the comet-hunt activity, 
the visitors mustUearn how to use the star 
maps by location constellations in the plane- 
tarium sky. Especially for younger visitors, 
it may be helpful for them to draw constella- 
tion outlines on their star maps, so that the* 
comet may be plotted against an easier 
frame of reference than the stars alone, 

^ T*he instructor invites the visitors to 
joih in a '•comet-hunt** by watching for a 
fuzzy object in the ^ky. As the instructor 
gritdually ^ turns up the brightness of the 




comet projector, one or two visitors will spot 
the comet and pdnt it out to the rest of the 
visitors. When all of the visitors have 
located the comet, they are asked to draw it 

, on their maps, showing its general appear- 

;*ance and location. 

Next, the instructor turns up daylight, 
, and explains that we will hunt for the comet 
again a whole week later, also at sunset. 
While the lights are on, the instructor 
advances the comet and makes it a littl6 
brighter. As the daylight is dimmed, the 
; visitors again spot the comet and draw it on 
their maps. This process is repeated several ' 
times. ' . 

As the instructor advances the comet, 
he or she directs it in- a large circular arc 
around the sun. The instructor increases 
the brightness, revealing the comet's tail as 
it nears^ the sun, then^ims it as the comet 
moves away from jthe silyn. In addition, the 
comet projector is qri^rited so tliat the tail 
always points away from the sun. 

When the visitors finish jJlotting the 
comet's path, the instructor winds up the 
activity with a series of questions: "How did 
\ the brightness of the comet appear to 
^ change? How ' can you describe its path 
' through the sky? What did the tail look 
like? How did it change? Which way did 
the tail point?" Then, after discussing the^ 
observed facts, the instructor may provide 
answers for visitors' questions about the 
nature of comets, and the reasons why they 
move as they do, get brighter near the sun, 
and have tails that always point away fri^m 
t)ie sun. 
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Activity #6 OBSERVING A VARIABLE STA|l 
recorded by Gary Sheider and A Ian Frie9rnan 



Materials: 1) A slide showing five numbers 
that can be projected over part of the con- 
stellation Leo to label the magnitudes of five 
stars (figure A, projector 1]; 2) a projec- 
tor to place a variable brightness dot of light 
in Leo with similar fuzz ^nd cQlor%o the 
planetarium stars. Any single i^iultiple 
slide projector can be used as^t^g^^^^^ its 
brightness is variable/* .A jMesi^^^ 
or plastic serves is 
drilled in the^lide^tQ iri^ ^g^^ 
diameter. [Figure A, ^pr^et^^^^^ a 
brightness Vs. time mp^ clipbQitf&^ 
pencil for each visitor (Figure BH at^^^^^^ 
set of slides that will help the visitors apply 
the binary star model tq thfeir otfservations 
[Figure CI. To buy materials, see page 96. 

Objectives: The visitor Avill observe a vari- 
able star . in the planetiarium sky and learn 
how to: 1) measure its Ibrightness by com- 
paring it to standard stars nearby; 2). record 
its brightness for several nights on a bright-. 
\ness vs. time graph; 3) discuss star's "light 
curve** by comparing observations with yother 
visitors; and 4) interpret the light ciii've by 
inventing different models of the star, and 
seeing how the models fit the data. 




Procedure: The instructor points to a star in 
the constellatioa Leo and explains that "Two 
photographs of this star, taken on different 
nights, show that it seems to vary in bright- 
ness compared with the surrounding stars. 
It's our job, as variable star observers, to 
find out if the star is really changing in 
brightness, and if so, how it changes." , 

iSo that* the visitors can measure the 
brightness of the star, the instructor projects 
numberis 1 through 5 next to certain stars in 
the constellation Leo. The numberSi cor- 
respond to . the approximate niagnitudes of 
these stars. The visitors are invited to esti- 
mate the brightness of the suspected vari- 
able by deaSTrig which numbefed-star is 
closest in brightness to the variable. 

After the visitors understand how to 
measure the brightness of the ^tar, andfhave 
made their first estimate, the instructor 
brings up daylight and hands out brightness 
vs. time graphs.^ The instructor demon- 
strates how to use the graph by projetHing ,a 
slide which shows his first night's observa- 
tion plotted on the graph. 

While the visitors areV^Phing their 
first observation, the instructor resets the 
brightness of the variable star projector (Fig- 
ure A) , then dims the dayliaht for the 
second night's observing. The Visitors esti- 
mate the brightness of the^variable, and the 
instructor turns up daylight again $o visitors 
can add another data ^int. This process 
continues until the^l2th "day." By setting 
the dot projector in a pre-determined pat- 
tern^ the instructor can siniulat^e any desired 
light curve. The sequence of magnitudes- 
*l,l,3,5,3,l,l,l,2,3*2,l-wni result in the 
light curve pictured in Figure B. ^ 

When the visitors are finished, they 
draw a line through t|^e plotted points and 
compare with their neighbors' reisults. The 
ifistructor helps the visitors describe the 
light curve by asking leading oiuestions: "^re 
there any dips in brightnessff'^How many of 
youv find the first dip to be aBjow as star 2? 
3? 4? 5? I notice that nearlySall of you said 



/OFigure A. Arrangement of materials for 
"OMervlng a Variable Star," ^ 
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Figure C. /Sample slides for interpreting 
''eclipsing binary" light curve, — — . ' . ' > 



/ 



/ 



4 or 5. What (\6 you think we should agree ^ 
.i on as the best/estimate for the brightness of 
the first dip/ 

Aftip/ the visitors have discussed -the 
- shape pf^the light curve, they are invited to 
explain it. Often visitors mention clouds or 
. ' poUution that might cause the changes in 
> brightness. Some visitors suggest that the 
^ar itself might be changing, or that one or 
two large planets might be orbiting it, and 
blocking off some of the light now and then. 
For each suggestion, the instructor asks how 

* the idea might be tested. Clouds or pollu- 
tion, for example, might be expected to 
affect all of the stars in the region and be 
present only irregularly, A starts intrinsic 
brightness could vary regularly or irregu- 

I larly, and the large planet model would 

* predict 9 pattern of identical dips to repeat. 
If there is time, the visitors can continue 

: — "-ubserving for another twelve days and dis- 
cover that the pattern- of alternating deep 
and shallow dips is repeated, or the instruc- 
tor can just say that the .pattern has been 
studiec^ by other astronomers, who find it 
repeals over and over, 

FrequeijHy, the visitors propose the 
eclipsing biniiry star model-that two stars 
are circling each other. If the visjtors do not 
generate this possibility, the instructor can 
suggest it and sl]ow drawings to illustrate 
what we could infer if we assume that the 
variable dot of ligtit*we see is really two 
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Stars very close together. The difference 
between depths of the two dips, for exam- 
ple,, can be explained as due to the 
difference in brightness between the two 
stars. Jhe sharpness of the dips can tell us 
about the relative sizes of the stars, and the 
time between the dips can tell us how long 
it takes for the stars to circle each other (see 
Figure C). The visitors can measure each of 
these quantities from their own data. 

Comments: We have used this activity 
satisfactorily in a ' single-visit program, 
("Black Holes and Other Strange Stars") for 
junior high to adult audiences, and with 
gifted^ youngsters^ in upper elemetitary 
school. The actiyity is particularly valuable 
because amateur astronomers contribute 
seriously to the progress of astronomy by 
keeping track of variable stars, through the 
American Asisoeiation of Variable Star 
•Observers. 

The variable star light cUl-ve pattern in 
Figure C . is actually quite unrealistic. 
Changes have been exaggerated to make 
measuring the curve easy for beginners. 
Tj^pical light curves for eclipsing variables 
show changes of tenths or hundredths of 
magnitude&s not several magnitudes'. Since 
the magnfiude scale is also logarithmic, 
ther^ are complications in finding individual 
magnitudes. A simple^ totally eclipsing 
binary coiild not have tht| pattern shown- 
the seo^^ dip would be much shallovver. 
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Activity #7 HOW FAR AWAY Ifi THAT STAR? 
recorded by Mark Sorintag 



Objectives: Tt^ visitors will learn how to 
measure the paraUax angle of a nearby star^ 
and how to use this angle to conipute the 
star's distance from th^ sun. 

Materials: 1). star map showing the region 
around: the zenith, a clipboard, and pencil 
for each visitor; 2) reading lights; 3) a large 
data display board which is ah enlarged ver- 
sion of the zenith star map superimposed 
over a grid of concentric eirdes; 4) two 
slides ' which Ihow how the pa\allax angle 
relates to the data board and hoV to com- 
pute the distance to the star; 5) a\ "grain of 
wheat" bulb suspended on a wire\ about a 



foot below the zenith of the planetarium 
dome (the bulb's Mrightness is controlled by 
ft rheostat on thoinistructor's console); and 
6) a fairly dini, aiffuse light bulb represent- 
ing the sun, in the center of the plane- 
tarium. 

Visitbrs should be able to move if necessary 
so that they are all roughly equidistant from 
the cpnter of the planetarium. 

Procedure: This activity begins by familiaris- 
ing the visitors with how to use star maps 
to locate constellations near the. zenith, The 
instructor can introduce the main topic with 
a brief historical sketch of the celestial 





sphere concept: that all stars are at the same 
distance^ attachQf) tp a huge sphere. The 
only way to test this idea was to see if at 
least one star could be found which was 
glpser than the 'others. " 

Before explaining how to measure a 
starY parallax to determine its distance, the 
instructor mightiask an open-ended question 
about how we might measure the distance to 
a star. The activity begins as the instructor 
turns on the grain 0^ wheat bulb and asks the 
visitors to observe it by moving their heads 
from side to side. The visitors may be 
invited to describe how the star seems to 
move back and forth among the other stars, 
indicating that this one star, at least, is 
closer than the others. The instructor 
explains, that "Since the real stars are so far 
away, we have to move our heads several 
million miles in order to see even the 
closest stars appear to move back and forth. 
For that large motion, we take advantage of 
the earth's yearly orbit around the sun." 

The instructor explains that "In order 
to find th^ distance to that star, we will pre- 
tend that the bulb in the center of the room 
is the sun, and each of you is an Observer 
on the earth at a different point along the 



earth's orbit. Tjjfe distance of each of you to 
the sun is 93 million miles. For simplicity, 
we'll call that distance one . astronomical 
unit, or 1 AU, and use that as our celestial/ 
yardstick. To begin, please mark an "X" on^ 
your maps wheje that closer star appears 
agaibst the background stars." % 

After visitors complete the task, they 
come up to the data board, two or three at a 
time, to place their "X"s on the board. 
These "X"s will form a rough circle, and the 
angular size of the circle can be measured 
b3| noting the^losest concentric circle. The 
instructor displays the next slide which . 
shows that th0 an^le they measured is equal 
to the paralla?j angle of the star. Finally, the 
last slide as^s Jthe visitors tp imagine a 
gigantic circlf with th^ $tar in the center. 
The parallalic !angle is U3ec| to determine the 
circumference and that figure i$ used to fin0 
the radius, which equals the star's distance 
in AU's. (This metho<3| for computing the 
parallax is conceptually |r elated' tp Era- 
tosthenes' method for combuting the radius 
of the earth, j It is "described, in ^Charting the 
Uniyers^/* The University of lUinoist 
Astronomy t^rogram. Harper & Row, New' 
York, N.Y., 1969, j)p. 30-33^ 63-73.) . 
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Activity #8 USINC? A BUNK COMP'ARATOR 

f-ecorded bl^ kmgsley Wlghfmdn 




Objectives: Th^isitors learn how to use, a 
blink comparer to detect the motion of an 
object among the many bright stars that are 
visible. Visitors will also learn that this 
niethod is actually used by astronomers to 
discover new objepts, like asteroids, and to 
measure the distance tp stars which are not^ 
toaf*ar away. 

Materials: 1) two slide projectors; 2) two 
' slides of the sanie star field t^eh an hour, 
week, or even a year ftpart wljich reySal the 
motion of an object (sdch as aa astefoid or 
planet); and [optional] two slides which are 
taken six riEionths apart that reveal tne paral- 
lax of tWo star^ of different distances. 
(Slides may be simulated views if necessary. 
The fifst two slides are placed in the projec- 
tors, and the projectors are adjusted so the 
star fields are superimposed); apd 3) ary. 
occultkig device placed between the two 
projecfcrs so that the shutter interrupts the 
beams lilternately, causing first-one picture 
then the other to be pupjected irj rapid suc- 
cession, (this device is described in "Bliflk 
for a Novl" by BerfJ^Nfaydr, Astmomy, Ip. 




34-37, May, 1978.) Although a motorized 
shutter is most convenient, the instructor 
can also use his or her hand as a shutter. 

Procedure: The instructor begins by intro- 
ducing the problem>rt<» discover new 
asteroids by observing their motions. The 
problem is- that asteroids look exactly like 
stars! Then the instructor describes the 
"blink comparator" by jointing out the two 
slide projectors, and explaining that each 
projector shows a photo of the same part of 
the sky, but taken at differibnt times. 

The* instructor thep'turns on both slide 
projectors, blocking ^olte of them jvith hisi 
hand (or moving tlV motorized shutter by^^ 
hand). He asks th^ visitors to watch care-| 
fuily for changes ^ he covers the first slide 
projiE^ctor and exposes the second, ysually, 
visitors will not be able to see any change at 
this point, so the instructor tries- it-«gatn, 
switching a little^ f^ateff- Finally, when the 
inStructlf^fi switching or "blinking" back and 
forth-^fapidly, the visitors will easily be able 
to detecf Vmovdment of a single asteroid, 
even among a field of several hundred stars. 



This instrument cdn^al&o be usecj to * 
detecf the apparent motion of a star due to 
the earth's yearly orbit arduAd the sun. (See 
Activity*#7,for a quantitative approach.) To ] 
understand the principle of "parallax," each 
visitor is asked^to hold his or her thumb at 
arm^s length, and pretend that it is a^tar. 
By looking at it with one eye, ^nd then the 
other^ the visitors pah see it appear to 
"jump** back ani^ forth. This occurs because . 
our eyes are separated by a couple of inches.. 
We can effectively separate our eyes by a ' 



cdiiple of hundred million miles by blinking 
oncte now, and again in six months when the 
earth is on the other side of the sun. This 
large separation makes our instrument sensi- 
tive enough to measure the distance to stars 
very far away. To demonstrate, the instruc- 
tor places two new slides ipvthcj proj^j^or^ 
taken six months apart, whith show two 
stars with noticeable parallax motipn..\The 
visitors must identify the starwhich is closer 
to U5. 



A(^tivity 



#9 MYTHOLOGY: EXPLAINING THE UNEXPLAINABLE 
recorded by Gerald Mallon 




ONCE UPON A TIME. THERE 
WAS A GREAT BQAT . . . 



ObJectiv«|1 The visitors will Have an oppor- 
, tunity to help create a mywi to explain 
rationally a situation, and then to see how 
the^yth is distorted as it is passed on orally 
. from generation to gjtoerationl After tlie 
program, the vyisitors winibe able^to define a 
\"myth" in th^r own words and Mentify the 
«,^probleHis of traMmitting iitformation 
. \ivi*hout written recoras. 



Maierial&: 1) Siting paper, clipboard, an 
pencil for each visitor; 2) a light pointer , or 
two; 3) slides depicting various cultural 
myths that were created to explain celestial 
phenomena. 

Procedure: The visitors learn what myths 
are by listening to examples provided by the 
instructor. They briefly discuss the similari-' 
ties and differences in, the myths, paying 



particular attention to the way tl^e myths 
explain oatutal phenomena; 1 i 

Then the audience is dividqd ihto 
small teams of up to six visitors, arid each 
team is asked to invent a myth libput the 
following situation: "You are part' of an 
ancient c^lture that suddenly experipnced a 
Very long and severe drought. Thi^ drought 
lasted several months during the summer, 
when the Milky Way is seen high overhead. 
The constant cloudless nights afforded a 
dear , view of the sky ever^ night. After 
these many months, the rains finally came 
and the (Jrought ended. Your challenge is to 
invent and record a myth to explain what 
happeneci." 

Tw(j) or three of these myths can be 
read by \|isitors who helped to invent them. 
One of tlife myths which is hot read aloud is 
reserved Ifor the nexf part of the activity. 
The instructor asks for three volunteers who 
did wor inVent or hear thit myth to leave the 
planetariujiii for a few minutes. A fourth 
Volunteer is then given these instructions in 
ihe planetiarium: "The speaker will tell you 
the myth^ence. You are not permitted to 
ask jqtl^ions or^ohave the myth repeated, 
Tryuo remember^aTltUMJh of the myth as 



you can. After listening; to the myth, you 
^ will be asked to tell it to someone else." 

As the myth is read, the other visitors 
7 are told to listen carefully as each | person 
/ retells the myth, and note any changes that 
• occur as the myth is transmitted. Once the 
first volunteer lAs heard the myth, the 
second volunteei^is brought inside'and given 
the same^ instructions listed above, Another 
volunteer is then brought inside, and so oh 
until the last volunteer has heard the myth. 
The last 'person should retell the myth to the 
entire audience. - * 

Finally, the original myth should be 
repeated for all of the volunteers and other 
visitors to hear. The instructor then leads a 
discussion about how the myth was changed: 
"Did rational explanations become irra- 
tional? How did influences from our own 
culture cause changes? How reliable are 
myths concerning what ancient people really 
believed about the cosmos?" After recap- 
ping the important points raised by the visi- 
tors, an4 discussing a good definition for 
"myth," the instructor encourages the visi- 
tors to continue studying myths from 
ancient cultures and locating those celestial 
phenomena that they attempted to explain^ 



Activity #10 DESIGN A MESSAGE FOR CETI 
^corded by Bill Kinsella . 



Objectives: After this activity the visitors 
will be move aware of qualities that charac- 
terize human ^Iture andjhe problenis of 
communicating these qualities without using 
verbal language. 

Materials: D a large clipboard >yith several 
sheets of paper (about 16" x ,20") for each 
team of 5-6 people; 2) reading lights; 3) 
[optional] a radio observatory panorama and 
dramatic tape recording (see below); and 4) 
a slide of an imaginary message received 
from the aliens/ • , 



Procedure: The program begins with pro- 
jected iniages of newspaper headlines pro- 
claiming: MESSAGE RECEIVED FROM 
OUTER SPACE! As the imagg^ arY pro- 
jected on the dome, a dramatic taped neWs 
broadcast begins: ^*Just hours ago, astrono- 
mers announced that unusual signals weil'e 
received from the region of space around 
the star Zeta Oripnis. We now take you to 
the National Radio Observatory for an pn- 
the-spot report,.." 




The visitors are transported, via 
panorama projection^ to the^radio observa- 
toryr-where-an astrononier -<the- planetarium 
instructor) points out the star, Zetaj^rionis, 
in the night skyV The astronomer *may also , 
discuss what conditions might be like for a 
planet orbiting a star like Zeta Orionis, and 
describe some of the problems of interstellar 
conimunication. The messages received^ 
from , the aliens can also be ^presented, or 
this topic can be avoided to leave the audi- ^ 
ence free from suggestions that might 
influence their later activity. 

Next, the astronomer invites th^ visi- 
tors to participate in a historic task-to 
design a message which will be sent back 
towards Zeta Orionis. The instructor divides 
the audience into small groups^of five or six 
visitors, and askS each grouj) to list five 
' important subjects that should be communi- 
cated to the aliens. The reading lights are 
turned on, and paper and clipboards are dis- 
tributed to each team. ^ 

After all groups finish, the lists are 
posted and a»v(p(hinteer from each giyup# 



. briefly explains why each subject was 
included. The instructor then invites each 

/ grqup to select (pfie of the subjects listed l^nd 
design a ^vay ^o communicate the chosen 
subject as a pi(|ture. The picture will later 
be scanned by tV camera and transmitted to 
the aliens on the same channel as the mes- 
sage they sent tp us. , ■ ^ 

When the completed messages have"^ 
been posted, the astronomer can provoke an 
iriteresting^discussion by inviting visitors to 
interpret each'otjiers- messages before ask- 
' ing for the d isigners!_hitentions. The 
activity can end vith an open-endied disci^^ 
sion about the i oissibilities of lifexon other 
planets, and the problems of communicating 
with extraterrestrials. The program c&in also 
be supplemented with a slide presentation of 
the messages that have already been sent 
(e.g. the Pioneer plaques, and the message 
beamed towards M13 by the Arecibo 
radiotelescope) and long-range plans for 
NASA's CETI project (Communication with 
ExtraTerrestrial Intelligence.) 
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ActivSy #11 HOW DOES VhE SUN APPEAk TO MOVE? 

synthesis of two similar actiy^^^ 
recorded by Jack P^mberton and Bill La wson 




Objectives: The» visitors will learn that the 
sun rises in the East each day, "moves" 
across the sky, and sets in the West, So, by 
observing the sun, we can find East and 
West, .wherever we are. The visitors will 
also leirn that even though it. looks like the 
sun is moving, what we see is the effect of 
the earth turning arbund^ once a day. 

Materials; 1) planetarium projector set fo^ 
just prior to sunrise; 2) "Mrl Sun," a large 
circular piece of yellow cardb^d with a face 
wearirig sunglasses painted on it; and 3) 
[optioqyiyi] a stool which swivel^;. 

Procedure: After a brief discussion about 
what/ direction^ are and how they are useful, 
the instructor explains that tfte sun can b||^ 
\X8o^ to find East and West. ^ 



/ 
/• 



Tet's pretend that it is early morning 



V 



and we are outside waiting for sunrise/\ Star 
lamp on low; dim cove lights to leave some blue 
light. Toirtt to where ydii think the sun will*' 
come up," Bring up twilight and then brighten 
cove lights; notice if most of'th^ visitors are 
pointing towards the twilight. ''V/hy did you 
point in that dirQctioi>? Does anyone know 
what that direction is called? That's right, 
EAST. Now let's see if you are right," 
Bring up^fiun i^ndgive visitorf time to cheer. 

. "Now, where to you think tKe sun will 
set? What direction do ypu call, that? 
Right, WEST. Since we can^make things 
happen faster in the planetarium than they « 
happen in the real sky, let's find out if 
you're right." Rotate diurnal motion until the 
sun is on the Western Horizon, . 



■■■/ 



The instructor then expresses disb^ 
that the big sun could actually nio^^e all thftt 
distance, *and.asks If anything else might 
explain the daily motion of* the surt* After 
listening to the visitors' ideas, the instructor 
introduces "Mr. Sun" who can be identified 
by his suftglMses. A visitor is asked to help 
by- holding Mr. Sun so ^ everyone can see 
him.^ AH of the visitors are; asked to stand, 
up and pretend that their heads are "Earth." 
The instruqtor demonstrates how the earth 
turns in' space by spinning on his or he^ 
axis, and asks the visitoi;s to do ^e same! 
The visitors -are then asked to watch Mr. . 
Sun appear to rise and set as they ^pin 
arouiid their axes each "day." 

During the last part of this activity, the 
visitors sit down and Watch 'the instructor 
model the earth. The instructor faces Mr. 
Sun and asks the visitors to imagine people 
living on the instructor's nose, and to think 



i 



. I 

( 



of what time of dayft must be for those tiny 
peopld As the instructor slowly rotates, he 
stops fio ask the visitors what time of day it 
is for those people at severial "different spots. 
Finally, the instruct6r|asks the visitors to 
imagine. people living in the Ul^SK to be on 
the back of his head, and to determine the 
time of day forihem too. Further questions 
could involve people living on the , 
instructor's left ear, right ear, etc. 

, An alternative method of modeling 
Earth is to ask a visitor to sit in a swivel 
^hair. The instructor can theri rotate the 
"earth"' while leading the other visitors in a 
discussjon as described in the previous para- 
graph. In any case, the visitors should see\ 
the sun rise and set from their own point of 
view, as they, turn around, before they are , 
tasked questions about sompone else model- 
ingjthe ea{ 



"I 




Activity #12 HOW PO THE STARS APPEAR TO MOVE? 

recorded Carl Rump 




Objectives: During this activity the visitors 
learn that most stars appear to rise in the 
Eastern part of the sky and set in the 
Western part of the sky. Other stars do not 
rise and set, but move in circles around the 
North Star. The visitors learn that this 
apparent daily motion can be explained by 
the rotation of the earth.' 

Materials: No Special materials other than 
the planetarium^projector. 

Procedurcr: This -activity may be performed 
after iristruction on thd ^constellations, when 
the visitors can easily identify, groups of 
stars. Sections oT the aiJdience are assigned 
to watch different gr3Gps of stars as the 
instructor speeds up time, to illustrate how 
the stars move during the entire night. tJtie 
visitors share their observations, noting stars 

-''rising in the East, setting in the West, and 
moving in great circles around the North 

' Star. Stars close to the North Star donH set 

. at all! . - 



' r Ne)|i:V the i the motion 

of the planetarium projector, and invites the 
visitors to explain the piotidn of the.^tars by 
pretending to be the earth spinning m space. 
The instructor demonstrates how to. point at 




a star .directly (J>ipr head, and slowly turn in 
place while watching the stars appear to 
move in circles, 'Hie visitors are invited to 
do the same, picking any star directly over- 
head as their "pole star," After the^ visitors 
sit down, ine y share their observations, and 
volunteers attempt to explain the apparent 
daily motioii of the stars.* 

Finally, the instructor can ask the visi- 
tors to name other spinning objects-wheels, 
merry-go-rounds, and so on, "What do 
these objects have in common?" An axis: 
"Where was your axis pointing when you 
turned around a few minutes ago?" At a 
star ov^rAeoy, "Where is the earth's axis 
pointing as'i turns in space,?" At the North 
Star! This h3tion can be demonstrated with 
a globe of the e^th in' the planetarium, 

A groijp of visitors who pasily grasp 
the relative 'motion of the earth and stars 
might be challenged to predict how the ^tars 
would appear to move if we observed from 
the North l|ole of the earth. After permit- 
ting time |for discussion about what to 
expect, the^ planetarium instructor sets the 
projector f6r 90 degrees N Latitude, The 
same procedure may be used for predicting 
how the Mars would appear td -move when 
observed from the equator. 
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Activity #13 HOW CAN YOU TELL tHE TIME By THE STARS? 

7» ■ > . : ■ . , 

recorded by Victoria Lindsay 



Objectiyest The visitors will becij^e f^i- 
liar with the daily and sfason£|l motions of 
the circumpolar stars; discover the pattern 
and jpredic^ahility of these Ranges; and 
Id&rn about tne procoi; Of teOing time by 
the stars, by constructing a star flock which 



uses the pointer stars of the Big Dipper, . 

Materials: 1) planetarium projector set for 
midnight, January 1; and 2) for each visitor: 
one brad, pencil, clipboard, scissors, and the 
following two activity sheets, . 




% 1, Sketcli ,th« 
* Big Dipper evtfqri 




Big DJ^p«r every / 

i >' tvO months t ^ ir 

, »'. » . »■ - ^ * ■ 



point er'a^iiri aye tH]f|VhantJ7jtor tfe^'i^fclScV; ^i^p*.:* ''if 
>^6/fld th||Ogh P61agl$;>ofn'',th* "^""^^ 




To urft the ciocW; ' ■■ ■ . • * 

* i) B« iittr4i yosu are|^<^dlflg ')thc "clock vttft «b the ' 
«>top,. fttid /the dipper iS'^he. eky» Turn t:h« hand ^ntlX 
the dipM^^ on the clock tootyi Jlkeii-'thit. dipper in thV.iky^* 

2) ; Now coutit off' 2 isectlor^^ fcB^«ach' ionth papt January 
. thla la whexfe the Mnd pplnta at^l^dn^gt^t (or* the tlctje * 
■ 0.1 year " lt,48 .now. -. "' ^-.-'v^^ - ■'' \ "a - - 

JJ^Xo find "tljie time of [night, couft^^.therfiunhet of ; 
^ •tct^ofta-befoVe pr ^ftet thld ml^iiftl^t poaltlqn untll^ 
. you' cd)ne to tKe ilppar, jhf ni^mtli^ tff ; aedtldha you 
icount^la the niJmbar^of ,hourjJ. ^»e^6r^^ ^ftjr njldnljght- ' 



I- 



■ fe^ ; ■> ^ . the Ripper at %Q^mir,%^ |- Dljjjpe^a^ ^ ; 

midnight^ pa ^l^iaai^ ir^nd^'^^^ r- ^ month io j^ndrrth^ fiSn^^ tmt tfie secoi*d ' 1 : • 



' Make thtee oSsferVafioiisf 




7;-::, • ^ 

Adtivity #14 : HO\y CAN YOU TELL YOUR LATITUDE BY THE STARS? 
, recw^ b Peter Chard, and Paul Taylor 



Materials: 1) one globe of the earth; 2) a 
worksheet for 6ach visitor with the following 
drawings; and 3) a^ clipboard and pencil for\^ 
each; visitor, 




[vest 1^ visitors 
^ jimt^^^ latitude by" measuring 

vVr \ ? >i^^^ above the hor- 

Photo A '/^■'■■ yk. t ' Photo B 




Photo C 




-• 



1 



hoilzdn line 




.1 ' ' 



v:4 horizon line 




horizon line 



1- . 



4 Wocedwrfe: For mbst gtgvptf pf \^Sit6]fSv it is 
v: V/- A probably fciest to begin b>^^r^^^^^ 
TtjoU pf the stars i^AcUvja^ 
yisitors^^hould be able' to jsjxplain that the 
> axis points tij thf^ ^^ Star, and 

\ : . they should bejblip^^^t^ th? North 

, \ \ '^oxj^d^^^^ we wer6 at 

t ' /the the hor- 

izojttif Wff^^^^ 

r % han()s out worksheets 

iji:^ -tliat "These are photographs 



V #5^/^^' astronomers. What 

-^^^^ oft each? tan you^ 



explains that * each of the three photogra- 
. phers Was standing at a different latitude on ' 
the earth (he or she demonstrates the mean- 
ing of latitude by pointing to different lati- 
.tudes on the globe). "Cdft you figure out 
the exact latitude of each photographer's 

position from 1hese pictures?" 
• ' ^ ... <. 

'After providing sufficient time for 

individuals to Work on tl^p problem, the 

instructor can invite visitors ^to work 

together, and/or give clues to help them 

' solve the problem:* "What do you^need to 

measure? How can you measure in degrees 

on these photographs?" V 



Si 



•if 

V. 
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Xctivity #15 LOI^G DAYS^ SlHOKT DAYS 
; recorded by Sam Storch and Charles Neleson 




Objectives: Prior to this activity, thfe visitors 
have learned that there are four difTerent 
seasons, and that days are shortest in the 
winter apd longest in the.sumnder. During, 
^e program, the visitors meascire the length 
of day for all fqur seffions. 

Materials: A record or tap^ of music with 
rhythmic beats. An especially appropriate 
selection for young children is "WhaMs the 
Sun?" from the album Space Songs. For 
older children and ^dults, a mbtronome or 
clock may be rnore appropriate* 

Proceiure; The pitinetarium in^ru^tor 
begins by demonstrating^ speeded^p solar 
day. ( To help the visitors Understand the 
(elation between the position Df the sun aQd 
the tinrie of day, the instructor tnight ask: "Is 
it morning oi; afternoon now? Where will 
the sun be when it is noort?" 



Next, the instructor explains thsit he or 
she has set the planetarium projector to 
reproduce the first day of winter, December 
22, and that the visitors will measure the 

J^rigth of 'that day by clapping .their hands. 
The instructor then turrts on ifhe music and 

. daily motion, land demonstrates how to clap 
with the beats while countmg but loud. The 

' visitors are given a short practice run/ and 
the projectqir i$ reset to sunrise. 

As the sun rises, the visitors begin to 
clap with the music, continuing until the sun 
sets. For upper elementary and older 
groups, the activity can be shdrtened*'by 
counting, beats until the sun reaches the 

.meridian and then multiplying !>y two. The 
solstices and equinoxes are dhosen for this 

" purpose since ' the differences are most 

^ e'iitreme on those dates. ^ 



, After the length of day is measured for 
all four seasons, the instructor leads a dis- 
cussion to help visitors connect their obser- 
vations -with their own experiences. "During 
your suibTfier vacation, are the (days getting 



shorter^ or longer? Just before Christn^as,, 
I .a^e the days very short or very long? How 
. about in the fpll, when you start sch,ool--are 
the days longer or sl|orter jHian they afe at; 
Cfiristmastime?" 

0 




Activity #16 WHERE WILL THE SiIn- RISE AND SET 
IN DIFFERENT SEASONS? 
recorded by Charles Neleson and Sam Storch 



Objectives: Prior to this activity, the visitors 
have learned that there are four different 
seasons; They may also have , learned that 
tlie sun rises in the East and s'ets in the 



-West. During this 
that the rising and 
^ are different for 



activity, the visiftors learn 
setting points of the sun 
pnt seasons. 

Materials: 1) Arrow pointers to be posi- 
tioned pn the cove of the planetarium dome 
by the visitors-these can be fashioned of 
cardboard and hung by means of hooks or 
Velcro fabric strips. Each pointer should be 
coded with a niyiiber or letW so each visi- 
tor carij identify the pointer which he or she 
placed. For large audiences,* groups of visi- 
tors can cfecide on the position of. a single 
pointer. 2X Otrtional materials, are azimuth 
marks every 15 degr;pes. around the cove* 
mad^'with elow*in-the-diirk tape, and d^ta 
sheets for recording the positions of sunrise 
and sunset in^degrees for each season. 

PrQcediire: Tl%e ihstructor explains that the 
planetarium shows how the sky appeared 
tha^t morning, gijst before sunrise. He or she 
inj^ifcs th^^^^isitdrs to show where they think ^ 
the Syn rose that morning' by placing; 
|iointer9idh 4he cove of the planetarium, just 
belo^ the'horizpn. The four cardinal direc- 
t^^)ns la^e-s'dispkiyed prominently so the 4^isi- 
tors have a frame of reference. , 

As the sun rises |n the planetarium," 
the visitors can see if thejr predictions were 
right^ or wrong. ^The same procedure can 
then be used to predict the sunset position^ 




This experience usually evokes, quite a dis- 
cussion since most people 'expect the sun to ; 
.rise and set due East and West, this discus- 
sion can provide a lead-in for proceeding to 
^e summer and winter solstices, and the 
equinoxes to .predict sunrise and sunset oh 
those dates. » ^ 

i 

After this activity, the instructor may 
stimulate tlie visitors to think about hovv the 
rising and setting points change >wlth the ' 
seasons with questions such as: '^here do 
you think the. sun will rise next week? Next 
month? How long do wfe have to wait until ^ 
the sun reaches its soutnernmogt (or north- 
errynost) rising and setfing points?* Is there 
pother date during the year when the sun 
will rise and set In the sahie place as it did 
today?" . \ ' ; ^ . 



A(^ivUy #17 HOW D^ES THE SUN'S PATH CHANGE 
% WITH THE SEASONS? 
recorded by die Euler anitJohn Kritzar 



Objectives: During this activity, the visitors 
plot the daily p^th of 'the sun on the sum- 
mer and winter solstice^ and the Tall afnd 
spring equinoxes. From their own data, 
they learn that: 1) the nuniber of daylight 
hours varies with the seasons; 2) the posi- 
tions of sunset and sunrise vary with the 
seasons; and 3) the elevation of the noon- 
day sun also varies with the seasons. 



Materials: 1) a celestial coordinate pTojec- 
tor; 2) one data sheet, pencil, and clipboard 
for each visitor. The sample shown below, is 
adjusted for the latitude^ of 40 degrees^N. 
For your latitude (call it "L"), the altitude of 
the sun at noon will be 90 degrees - L on 
the equinoxes,* 90 degrees - L + 23,5 
delgrees on the summer solstice, and 90 
degrees - L - 23.5 degrees on the winter sol- 
stice. 




HOUM or DATLlOifr 

HOURS Of omocas 



Juuu 



JlAUU. 



hour* 



Visitor^s data sheet for this activity by John Kritziar and Ellie EUler 



Procedure: At the beginning of the activity, 
the instructor describes how to use the pro- 
jection of, the celestial coordinates \p plot 
the position of aii object in the sky on the 
data- sheet. Then, the instructor explains 
that the planetarium shows how the ^ky will 
appear on the first day^ of winter (Decembe^/ 
22) just before sunriVe.. The ^visitors af6 
asked to place light pencil hiarks on thjsir 
data sheets where expept the sun to 
rise and set that pay, and a thirds mark 
where thi|y expect if to be at noon. 

At the moment of sunrise, the instruc- 



tor stops* the .projector for the visitors to 
check their predictions and mark the actual 
position with a smalP dark cirglfer The 

^instructor advances the sun, and the visitors 
mark their data sheets at three or four othgr 

, points, including ^oon and sunset, At Ihe 
bottom of the page they write in the time 
and position of sunrise and sunset, the 
hours of daylight andi^ darkness, and the 
maximunl heigh^t of the sun. After {i brief 
diseussi(i|n, the activity is repeated for the 
summer solstice* and' the fall and spring 
equinoxes. 



Activity #18 DIFFERENT SEASONS, DIFFERENT 

■ ■ T ' ■ ■ ■, ■'' . : i ■■ V- .'" ■ ■ -v' ■ ' , ' 
recorded by Keith Jcf^hnsori ^ 




r ■ ■ 

.... ■ ' n 

Objectives: During this activity, the visitors 
will find out why' we see different Constella- 
tions at differeijt times of the year, and they 
will be able fo visualize the. earth's rotation 
(on:4ts^ axis) and revolution (around the 
sun). They will alsQ find out hoW a person's 
"sun sign" cis determined and why it is most 
easily seen in the sky six months before or 
after the person's birthday, 

Mater^ls: 1) a' 100- watt light bulb or other , 
bright 'light in the ceq^er ' of the room 
(perhaps mounted on the projector pede-r 
stal); 2) twelve signs (about x 20^0 with ' 
the names of the zodiacal constellations. 
These can be illustrated with the appropriate 
star patterns and mythological figures, 

Procedure r The instructor asks for 12 
volunteers whose birthdays coincide with 
each of the 12 zodiacal constellations. The 
volunteers stand in a large circle around fhe 
planetarium cove. It \^ probably ' easiest to 
do this by naming each co|nstellation with its 
associated birthdates in oWer. If no one is. 



present to represent a certain sign, then that 
position should , be fille^d by someone else. 
The instructor distributees the signs to the 12 
volunteers/ making sure that the order is 
correct and spacings are even. 

The instructor, explains that the* light 

bulb at. the center of the room represents 

the §un; and asks for ovft more volunteer to 

represent the Eartft Xbat volunteer is asked 

to stand between the sun and Virgo. The 

instructor explains that "This is where the 

earth is located id Spring." 
* 

Nej(t, the instructor addresses ques- 
tions, to the other visitors to help the^arth 
volunteer decide how to model the Earth's 
daily and yearly motions: "If our volunteer's? 
head represents Earth, and we are located 
near his (or her) eyes, how should he stand 
sp it is daytime for us? Nighttime? How 
should he moVe so a whole week goes by? 
How should he rnove so a whole year goes 
by?" The instructor asks the Earth to model 
these motions as they are suggested. 



Finally, he^ks the Earth to show where he 
would be ip the sumrrter, fall, winter and 
spring, without actually rotating 365 times. 

On the EartlTs secortd trip around the 
ySun, the instructor stops nhe Earth at each 
season and asks which constellations are 
visible at night. The instructor fcan then ask, 
the other visitors to explain why the other 
constellations are not visible at that time of . 
year. If the visitors are interested iii theV 
astrological "sun signs," the instructor can 
ask the Ear-th to identify what constellation 
the Sun appears to* be "in" ckiring each part 



■ ■ ■ . ^" / 

tf the 'year. The visitors should be able to 
ee for themselves why it, is not possible to 
see a constellatiot^ while the Sun i^ in direct 
line with those stars. 

individuals who have difficulty under- 
standing the concepts presented should have 
the' opportunity to play the role of the Earth, 
so they can see the constellations for them- 
selves. Since this activity can be performed 
in any classroom, teachers cati provide this 
experience for their student^ before or after 
they come to the planetarium. . ' • ^ ' 



Activity #19 FINDING YOUR ZODIACAL CONSTELLATION 

\ recorded by Kent Leo 
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Objectives: During this activity, each visitor 
learns how to use a star map to locate the 
position of his or her ^zodiacal constellation, 
or sun sign, and learns to associate a mytho- 
logical figure with the pattern; of stars. After 
this activity the, visitors will be able to fin(| 
their constellations in the real night sky. 

Materials f 1) a supply of inexpensive star 
maps for each season of the year; and 2) a 
small hand-held slide projector, and two 
slides foil each zodiacal constellation: one 
with the star pattern, and one with a mytho- 
logical ^gure drawn to correspond with the 
star pattern. 

Procedure: The star maps are distributed 
according^ to birthdays. Those who have 
birthdays in the summer receive a winter 
star map,"" those with birthdays in the spring 
receive a fall maj^ and so on. The instruc- 
tor asks the visifbrs to locate their astrologi- 
cal signs on the map» helping tho^e who 
don't know th^ir sun sign by asking for their 
birthdays. ^ 



The planetarium projector is set for the 
current season, and the instructor denibn- 
strates how to use the maps. Those whose 
constellations are visible are askedl to find 
their constellatioris in the sky, while visitors 
whose constellations are not Visible are 
invited to help, 

When several 'of the visitors have 
found their constellations, one volunteer is 
selected to point out his or her constellation /^ 
in the sky.- He is then given. the hand-held 
slide projector and shown how to change thell 
scale (Jf the projected image by moving 
'towards or away from the dome, He is then 
asked to superimpose the image of the star 
pattern oyer the constelldtjon iji the plane- 
tarium sky. . 



"I . _ ■:• ' ■ ■ ■ . 

When the volunteer Jia& succeeded in* 
aligning the projector, he^s shown how to < 
move the ^second slide into position to: 
; vdisplay an artist's conception of, the mytho- 
logical figure/over the star, This activity is- 
repeated ^f or each of the zodiacal constella- 
tions that are visible, and then the >plane- 
tarium projector is reset for the next season. 
^ By the end of the activity, -all of the visitors 
I will have seen their constellation andl the 
figure it is supposed to represent, and know 
when, and how to look for it in the real sky. 

■ : ■■■ •■ ■ • '"U ■ . 

NOTE: Due.to precession, astrological signs 
have been shifted about one constellation 
from the -actuai star positions, 



Activity #20 PRECESSION OF THE EARTH^S AXIS 
recorded^ by George Reed\ ^ [ 



Objectives: During this activity the visitors 
disc^er that the Earth^s axis will not always 
pointXtowards the North Star, but is slowly^ 
changmg its orientation in space (precess- 
ing) wi\h a period of 26,000 years. 

Materials: Reading lightSv and a circumpo^ 
lar star jndp/pei^cil,' and clipboard for each 
visitor, _ 

Procedure: 'fhe instructor begins by demon- 
strating the nightly motion, of Jhe stars 
around the, North Star. If the visitors can 
explain this motion as the result of Earth's 
rota^tion on an axis which points towards the 
North Star (see Activity #12),j then they are 
prepared to understand this activity. 

First, the instructor defines ,the North 
Celestial Pole as "the position jn the sky that 
does not appear to move as the earth 
rotates." Th^ 'visitors are asked \to distin- 
guish this poitU from the "North Star^ by care- 
fully watching the motion of the North Star 
during rapid daily motion, and to plot the 
|)osition of the North Celestial Pole as an • 
"X" on their star charts. 



■ ■ . ■ / 

. Then the instructor adjusts the plane- 
tarium projector to show the sky as it will 
appear"* three tmfusand years in the future. . 
He or she turns on daily motion for a few 
minutes so the visitors can locate the new 
position of the North Celestial Pole and plot 
this point on th^ir maps. The process is 
repeated until 13,000 years have etapsed, ^ 
and the visitors have plotted several "X"s. 

Atjhis Roint, the instructor leads a 
discussion about 'where the Ce^stial Pole 
may have been located in the years between 
the 3000-year stopping points. Most visitors' 
will probably recognize a semi-circililar pat- 
tern of "X"s, and be^^ible fo predict that the<j 
Celestial Pole^ will complete the circle in 
another 13,QCJ0 years. The visitors might be 
""asked to place a lipht pencil mark where 
they believe the Celestial Pole will be in 
another 6,000 years3and the instructor can 
advance th? projector to allow the visitors to 
check their predictions. 



1 
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After this activity, thtf instructor can 
introduce an £arth|globe and ask the visitors 
how it should be held in the planetarium ip 
demons trat* the effect of precession. For 
advanced visitors, the instructor can explain 
that precession occurs because the earth is 



riot a perfect sphere, but bulges around the 
equator. Theref ore, the gravitational force 
between the earth and. sun acts unequally on 
different parts of the earth, causing ^the axis 
to slowly change its orientation in space, 
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Module? 
PUTTING IT ALL TOGETHER 




The objective of this activity is for you to review the techniques presented in 
this worl<;|tibol( and to apply .them to planning and improving a planetarium pro- 
gram. ■ '■ <$" i ■ 



A. A Bri^ Review 



ERIC 



Three ways Of viewing comportents of 
planetarium programs have been presented 
in this workbook. These schemes are briefly 
outlined below. The classifications are not 
iron-clad distinctions, but are useful in help- 
match subject, vfsitor, and instructor ao 
r, and in maintaining vapiety. 




Org^iltzaHoii Patterns 
(Module 3) 

1) Didclctic Organization-CommmiQ^lion- is 
entirely one-way: from th^ instructor to the 
visitors; . , 

2) Small Group Task Organization-rThis 
organization allows visitors to interact with' 
other visitors while working on a common 
,task. 

3) Individual Task Organization'-EdiQh visitor 
makes his on her own observation or solves 
a prX)blem on his^ own. *J 

4) , Informal Discussion Orgah/za/zow-This pat- 
tern of organization allows free, uninhibited 
discussion by the visitors among themselves. 

5) Group Meeting Organizatian-The group 
meeting is primarily problem-centered, with 
the instructor or a visitor acting as.a facilita-. 
tor. 

6) Socratic Organizgtion-'-The planetarium 
instructor takes, the role of questioner and 
responder. , . l _ 

Visitors' 
Reasoning $kllls 
Module 4) 

\)^ Egocentrijf>-Y\s\i(:^ can imagine onljftheir 
own'point of view^^n hey can notice sin^ilari- 
ties and diflTerences. Simple associations and 
human motives are attributed, to inanimate 



objects, e.g., "the sun rises so we'll feel 
warm." 

2)' Concrete'-yisitors can imagine another 
viewpoint only after a concrete experience. 
Beginning with classification by a single tritit, 
they can later recognize that objects may 
belong to more than one class and can 
arrange objects along a continuum. More 
complex relationships between various^ele- 
ments familiar to the individual can now be' 
used to explairi phenomena. New observa- 
tions carl be appropriately used in revising 
explanations, ^ 

.3) forwt//" Visitors carts imagine a situation 
from different points of view. They can 
arrange objects in a hierarchy and then rear- 
rangie the objects in a new hierarchy. Visi- 
tors can extend explanations to predict 
observations and objectively compare their 
own explanations with alternatives by con- 
trolling variables and making probability 
arguments. ^ 

■ ■ V 

J ... 

' Questioning and 
Activity Strategies 
(Modules) 

1 ) Direct Itiformation-The visitor recalls 
information or recognizes information^that 
is readily observable. 

2) Synthesizing"The \is\lor drms some rela- 
tionships from information that was recalled 
or observed. 

3) Open-Endedi'Tho. visitor explores freely 
and comes up with one of a wide range of 
acceptable solutions. ' 

4) Feeling" -Jhe visitQt makes a judgment^ 
based on fe^elings. 

5) O/Zi^r-RhetoriCal and l^anagerial. . 

' \ ^ ■ t ^ . A 
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B. Applying the Techniques 



Outlining a Program 

You can use the convenient chart on 
paee %% to outline a planetarium program in 
its formative stages. First, list each com- 
ponent of the program in the Subject 
column. Then, for each component, con- 
sider the, form of Orgaw/zaf/ow, the. dominant 
Questioning or Activity Strategy (if appropri- 
■^ate), and finally the Reasoning Skills required 
of the visitors, the flow of the program can 
be judged by reading down each column. 
For exampler does the sequence of subject 
* matter ideas niake sense from the visitors' 
point of view? Do the changing patterns of 
organization during the program provide 
variety and focus? Does the range of 
activity and questioning strategies allow the 
visitors to participate in several ways that 
further your 6bjectives? Are the reasoning 
demands appropriate for the visitors who 
you expect will attend Ihis program? 
Finally, does the latter part, of the program 
encourage intellectual growth by challenging 
visitors to understand at a level slightly 
above their current reasoning ability? 



ProvidiiiP S^upplemental 
Classrooin Activities 

Air of the techniques presented in this 
>yorkbdok can be applied to d^loping 
classroom activities to complemeiliPiplape- 
tjirium programs for school grouos or com- 
munity organizations (like Scouts), Materi- 
als can be distributed to teachers to enable 
them to do activities with their students 
eiiher 'before, or after they attend the plane- 
tarium prograip. These activities can teach 
the same subjects from new points of view. 
They can Extend the visitors?' skills through 
games, simulation activities, small group 
problem-solving, or other structures that 
work especially well in classrooms or out- 
doors. The planetarium programs included 
in Appendix D are each followed by two 
classroom activities. These have been field- 
tested in 5th and 6th grade classroom$, and 
tiie results of, quizzes indicted that the 
activities >yere effective in cpriimunicating 
the subject matter listed under 'Objectives" 
of each activity. 



Planning and Improving . 
Verbal Interaction 

As you plan the program script, Con- 
sider sequences ' of questions thar would 
most effectively communicate the content of 
the program. Then, try out the prograni 
with a live audience as soon as possible,, 
even before all of the^^special accessories and 
artwork ar^: do>yn pat. Audiotape 6ne^ 
presentatipn an4 analyze the questioning 
an^ responding strategies as discussed iii 
Module 5. Especially listen to the visitors' 
responses, tCK* questions and tasks that are 
intended to involve them in thinking at a 
high level. If the response is^not what yoii 
expected, you may wish to reconsider the 
developmental level of the visitors as dis- 
cussed in Module 4. You may decide to 
simplify the taskjj^e it more challenging, 
or change ypur "iffategy fof conimunicating 
that subject to thip visitors. v \ 




Systc^matfc* Assessifient^ 



Once the initial development work is 
done, the planetarium -^pro^ram can be. 
improved periodically by. checking with the 
-visitors. Visitor sati^action can bp checked 
at the end of the program by circulating 
comment cards on which visitors can say 
wHat they liked and didn't yke about the\^ 
. pfbgram. Visitor learning can also be 
- checked by pehcil-^d-paper, or interview 
tfests with items which Indicate whether or 
not the objectives of tlie program were met. 
For school^groups, tests c^n be given to 
teachers to^dminister to their pupils a few 
. days later. Feedback on visitor learning and 
satisfaqtion can Wve as a rich source of 
' information to improve 'specific parts of the 
planetarium program. V 



OUTLINE FOR PLANETARIUM PROGRAM ENTITLED: 












Time 


Subject 


Organization 

(didactic, socratic, 
individual or gi^oup 
task, group meet- 
ing, or informal, 
discussion) ' 


Strategy 

(activities or ques- 
iionsu.v are direct 
info, synthesizing, 
open-ended, or 
fegnng) 


, Reasoning 

(requires egocen- 
tric, concrete, or 
formal level rea- 
soning) 
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1. Planniiig the Workshop 



i 



Onee ym^ have looked over the Plane- 
tarium Educator's 'Workshop Guide, we hope 
yoii will want to get together with other 
planetarium educators to try out the. tech- 
niques described, discuss what happens, and 
\ come out with some ideas that ar? helpful to * 
you. The surest way to do that is to start 
getting a workshop together yourself. 

People . 

The first thing you need is more peo* 
• pie. We've enjoyed workshops with as tew 
as 10 pfcople, or as many as 75, A dozemor^ 
two seems, optimal. You can find other 
planetarium educ^ors conveniently assem- 
bled at regional planet^riun> association 
meetings and International Planetarium 
Society meetings. If you live in a large 
metropolitan area, you may also have a local 
planetarium society, or you might jiist call 
,^up the planetariums in your area and , see .if 
^sfoiks would like to get together for ' a 
"Ivo^rkshop. fevery member of the Interna- 
tional Planetarium Society has received^ a 
copy of this book, so there should be some 
cufiofity abroad already. 



^ . time 

e. full workshop, including every- 
thing in this book, requires about 20 hours 
to complete. A ^ampre three-day agenda 
will be described later. But we have also 
done single-afternoon workshops^ using only 
a fraction of the material. You might want 
to pick out the sections you personally want 
to examine, anc|[ just try those. Or you 
.might conside; a series of mini-workshops, 
^ each a few hour^long, to be held at quar- 
terly planetarium association meetings, or at 
some other periodic function. The ohly cau- 
tion we have to offer is not tcrtry presenling 



any Module (except Module 2) in less than 
. ^n hour and a half. It can be done--but onty 
by sacrificing discussion, and presenting the 
material in a straight lecture format. That 
^eprive§ eyerybody of the crucial experience 
of trying out and criticizing these tech- 
niques. 



Expert Leaders 

» '■ . ■ . 

These do hot exist. So many skills are 
used in planetarium education, and there is 
so little in the way of laws of learning (in 
cbntrast to laws of physics, for example) 
that there are no Authorities, there qre-^ 
resource people who might have particular 
talents to offer your workshop, and their., 
role will be discussed in a^hioment. But the 
best| leader for one of these workshops is 
soniebody who will be an active, participant, 
and who. will be skeptical ^fid curious, just 
like the other workshop participants-, some- 
body like you. 

Leaders do have to make arrange- 
ments, gather materials, and call the 
workshop to order. As a planetarium educa- 
toi* you are expert at doing that kind of 
service ifott planetarium visitors, and it is 
no more difficult to do so for other educa- 
tors. Read through this botjk, decide what 
you woufd like to try, and you are ready to 
be a workshop leader. As a practical matter, 
you might want to find a colleague who will 
share the tasks with you. 

Resource People 

- ' ■■ "'* ■ ' • • 
We have tried' to make this workbook 
^If-contained, so thdt you can organize a 
Workshop without previous experience With 
the techniques examined. There are no 
experts on all of the matters in ^this book, 
but there are people with experience in par- 
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ticular areas, such as the theories of intellec- 
tual development (Module 4). A faculty 
member of a nearby university's department 
of psychology or education would probably 
be i^attered to be invited to give a short ; 
presentation on that topic to yoiir workshop. 
But remember that the workshop modules 
are designed to be practicaMo planetarium 
folk, and only by trying out the exercises 
themselves will participants be able to 
decide if the theories are useful in their 
planetariums. - / 

For additional fielp, we recommend 
that you contact one or more of the plane- 
tarium educators who have experienced the ^ 
full three-day version of this workshop. 
They undoubtedly have feelings and recom- 
mendations to share with . you. Those 
alumni might even be talked into helping 
you run a workshop. A full list of trial 
workshop participants, alphabetically by 
state, can be found on pages 99-103 of this 
book, f 



Space 

Any planetarium will do nicely. A 
workshop could even be held without .a 
planetarium, but techniques for creating 



planetarium programs are certainly taken 
more seriously if they are* tested in the real 
place. Some modules can ^so be done in an 
ordinary classroom, however, where discus- 
sion may be more convenient; When we 
have offered this workshop, we have done 
Modules 1, 2, 4, 5 and 7 in a classroom, and 
'Modules 3 and 6 in a planetarium. 



' * Materials 

Each module requires some supplies or 
materialjs,^ biit mostly just pencils, paper, and 
people. ^Details for each module are listed 
in section 3, below. 

Each participant should also have a 
copy of the relevant printed materials from- 
this boolc. Most planetarium educators havg 
copies of the book already.! For th6se who 
do not, more copies are available from the 
International Planetarium Society (see the 
back of the title;ifege for the address). 

vYou can also make your own copies 
from this book. Please s^e the permission 
notice, also on the back of the title page. 
There is no charge for using this material, 
but we do want to know that it is betng 
used, so please write and tell us, as 
requested. 



2. Sample Agetida For a Three-Day Workshop 



Below is a sample agenda for a full 
workshop. Whether or /not you do one this 
long, the time allocated to each module 
may be helpful; 

A few items on the agenda don't 
appear in theXworkbook. At the'end of each 
day we had a "wrap-up" of the day^s activi- 
ties. This was an opportunity for the 
workshop leaders to summarize the material 



covered r^d to express their own views on 
its importance. Each workshop leader (and 
each author of this book) has his or her own 
opinions, and as a reward ^for all the work^ 
that goes into handling a workshop, a 
chance to make personal summarie^ is nice. 
It's the participants' personal Summaries 
that ultimately count, however. 
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On the afternqon of the flrst day, we 
discussed plans for "participanthdesigned 
activities." This was a popular feature in 
which tt^ participants worked together in 
small groups to present short visitor- 
participation -Activities that they use, or think 
nhey- coul*' use. (During the five trial 
workshops Uhat were held tkiring 1978, 
twenty different activities were presented. 
These activities Ijiave been incbrpprated into 
module ,6 of thi? workshop guide/) ' 

^he participant-^designed activities were 
presented on th? final day of the workshop.v 
After live demonstrations in the pland- 
tarium, each of t^ip activities was critically 
discussed in ^ termV .of the strategies 



/ 



presented in the workshop. The discussions 
proved to be a most effecti\e way ^f jeview- 
ing and clarifying the "techniques as they 
apply in actual practice. iAfter lively discus- 
sion^; we^ arrived at a caitegori^ation^f each 
activity^ as sho>yn/on pages 5^an(J,57:\ 

| The pT^entation of ''ked Planet Mars" 
on ,thc mbrningV of the second day also* ^ 
served as an example to be^ analysed by the ' 
techniques of tfie Workshcjp, *;'Mars" is by 
no means^a perfect program, but it is a prac- 
tical example of a single-yisii planetarium 
show with audience participation. Many of 
the strategies described in ^he workshop are 
use^. , 
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9:'00AM > 
9: 1 S AM 

n:ObAM 



12:00PM 



2:30PM 
3:OOPR4 



4:00PM 



4:30PM 



5:00PM 



' Frldj^y 

. ■ r ^ ■ . 

■ ■ . \ : ■ • 

(welcome, coffee and donuts. ^ 

K ■ ■ ,. ■ •:■ ■■. '■ 

MODULE ! Cotnmunicatidn. Planetarium instructors". have an opportunity to 
switch roles with visitors and experience differenf: levels of instructor- visitor 
intieraction. • ,7 • < 

MODULE 2 I'raineivork for Examining Pianetariuni Programs. Participants 
describe their pwn goals and strategies for a planetarium progr^ilir Group dis.- 
cussion. about goals (knowledge; skills, attitudes)' and strategies to achieve 
them. ■ ■ ■ ■ * ■ 

■ ; --^ . ■ • .v.-.y y : 

Lunch Break.. ■ 

' ■ ■. ■■ . • ■ ■ ' ' ■ ■•■ • ■ ; ^ : . '. 

MODULE 3 Organization Patterns. Reassembk in thp pianetariuni, A 
^ variety of ways to organize the planetaxiuip; experience for visitors is illus- 
' trated with excerpts^rom public and schooj programs uSfed at the Hojt Plane- 
tarium.' / . ' 

Break. ' ■ ■■■ . ' \ - . ' ' 

' •■ ■ -. ■ ■•, , ■ ' ' , " ■ 

MODULE 4 How the Visitors See It (Part t). Activities, slides, an^ lectures 
present the different types of reasoning used by visitors at various stages of 
intellecttlal development. The implications for planetarium efducation of Jean 
Piaget's theory of learning ai:e discussed. Specific examples are considered 
using con6epts in .astronomy and space scienp^. 

Wrap-up of day's activities. ^ . , 

* . w • • • . 

Discuss plans for participant-designed activities. 
Conclusion of first day -s activities. 
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Saturday 



9:00AM^ 
10:30AM 

11:45 AM 
1:(J0PM 



SilSPM 



4:00PM 



5:00PM 



MODULE 4; cjintinufecl HoAtffe Vls^^^^^^ 

■ ' ■■ '%■'{: ■■/ ■ ^ ' 

PresentatjjDn of a Complete participatory program, RED PLANET MARS, fol- 
lowed by a discussion of the program. 

• Lunch.9reak. 

MODpLE/S Questioning Strategies. Participants consider various ways of 
askm{!;,,qudstions to stimulate the visitors' thinking. '• ' ■] 

Break.: • . / ■ 

' * ■ * ■ ■ ■ ' . ■ •• ■ • 

Module 6 AcUvitiies for the Planetarium* Various categories of activities 
. 'cm be used, like the various questioning categories, to stimulate different 
> kinds of thinking and learning. Examples previously demonstrated from RED 
> PLANpT MARS and Module 3 are discussed. 

Particip^ts^work in small groups to plan tljeir own 15 minute activity for 
' presentation on Sunday. ' : 

>..■•«#•. c, .. . 

■ ■ C6nclusio|i of second day^s activities/ ^ ^ 



w 



/ "ft- 



Sirnday \: ^i,fi^g?f 



9:0OAM Participants present and discuss their own acti^^ities. 

12;30PM^ Lunch Break. . \ ' 

1:30PM MODULE 7 Putting It All Togettier* The activities present^ in the morning 

\ ' are discussed and classified according to ttie categories developed during the 

workshop.. Methods for^ desighing a eom^)lete fJrogranri and pre/post- visit 
■p I activities are discussed, and a sample pre- or:post-visit activity is presented. 

3:Q0PM Plans for local workshops. Participants discuss their^n ideas about using the 

V ^ materials from this workshop, including presentation of their own version of 

/■:■. ' ^ the workshop ^r Other planetarium . educators. • . * ; 

3:30PM Formative evaluation of this workshop. ^; ' ■' . " \ ' . * 

4:00PM Adjourn as a group. Workshop staff available until 5:00PM for individual coh- 

sultat^oh. * X / ' ^ ^ * 
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3* ?}ote$ on Presenting ithe Individual Modules 



Here are suggestions for pre&eftting 
each module. Tljere are also answer? to the 
questions in each. ^ These answers are a 
cdtisensjis ^ the authors, but some of the 
answers are debatable. Many s6ctionp of 
this book rely on newly devised categories, 
and those categories arjp not watSr/tight 
definitions tested overf generations. Sb you 
and' the participants in your ^workshop may 
disagre'e with the answers givfen here. Our 
goal" is to stir consideration and improve- 
ment bf the teqhniques, categories, > and 
ideas presented. A healthy atnourit of 
disagreement is welcpnie. ^ 



^ Module 1 

Communication V 

This is a delightful and even anrlazing 
activity. You will find that- you and the 
ofher participants, very quickly get into the 
spirit of the >yorkshop. We bave*also found * 
this activity makes an excellent social ice- 
breaker. 

For every three participants, you will 
need two crayons or felt tip markers, two 
manila file folders (to sefye as "barriers**), 
and half a do^en sheets of blank paper. (We 
recycle used tomputer printout.) One par- 
ticipant has to play leader and post the mas- 
ter drawings. The niasters should be' 
prepared in advance. We usually use simple 
geometric patterns; including . some astro- 
nomical motifs like the ones shown in"^ 
Module 1. , 

. Several of the insights that can be 
gained from this activity are described in the 
module itself. The use of analogies almost ^ 
always comes up. The need -for instructor- 
visitor interaction to check' on how your 
visitors are understanding and enjoying the 
program is another nityor topic. T 

One technique for communication tliat 
may arise is tlje'use of an "advanced organ- 
izer." That*s & short introduction to the* 
overall messfte th^ inatruClrfr wishes to 
communicate to the victor. Even in our 



pmf Qxercise, however, this technique will 
pften be controversial. If the advanced 
organizQr is successfully done, it can make 
visitors fpel more comfortable with what fol- 
lows. If the advanced orgahizer is misinter- 
preted in any fashion, the rest of the lesson'' 
'may be spe^it correcting thp visitors' misin- 
terpreta^io^l of what is suplposed to be hap-, 
pening.ti^ ; ' ^ . 

'W^ hope you will eryoy'^ Module 1 as 
much as ' we do, and at its end, -your 
workshop participants will have a list of fun- 
damental issues about comtnu^nicatibn in the 
planetarium. 




Module 2 
A Framework for Examining 

Planetarium Programs 

: ' . \ ■ . ' ■ ■ 

I 

This is a very "talky" urtit ^nd. may 
take' less •lime than any other module. 
There are two main functions of Module 2 
in the context of the workshop. First, the 
module introduces ^ the jramework of 
Subjech Visim-hnstructor: Looking at interac- 
tion^ between pairs or all three i^ the basic 
pattern of the following modules/ 

The Jecond function is to let the P||Cti- 
cipants in your workshop describe to each 
other their ow^ work and goals. We found 
that the remaiod^T of, the workshop went' 
more smot)thly if participants knew of their 
colleagues* interests.^ * 

The only materials you need for 
Module 2 are a'blacHboard and chtalk, or ai) 
overhead projector , and ^ marking pen, for 
recording jthe participants* ideas. 

This module occasionaii|^tf[ches fire if 
participants find they have RrIc philosophi- 
cal disagreements. At one workshop, parti- 
cipants were equally djvided between .those 
who felt that classical, visual astronomy was 
the . on^y legitimate subject for a ' plane- 



.tarium, and those 



Wtlf) felt 



that recent 



developments in astronomy were most 
important even if thpy were not related to 
what the basic planetarium projector could 
show: , V 

While^we have no resolutions to pffer, 
\ve believe tttat the?* techniques in the 
workshop wifl help planetarium educators 
achieve their .goatfc regardless of the particu- 
lar subjects ta be presented. \ ^ 



V Module s ' . 
Organizatiq£U.Patterns . 



Many participants found this the most 4 
exciting module because it i^mmediately gets 
down to practical denionstratlons of plane- , 
tarium education techniques. This module . 
takes more preparation than any other 
, because the workshop leaders need to 
^prepare the planetarium to present frag- 
ments of several different ^programs.' 

. The fragments come from Activity #6, 
pages 66-67, and from .the program "Con- 
stellations Tonight" in Appendix D. Please 
examine the materials and preparation 
needed which are* fully described with the 
' activity and the program write-ups, 

'We found it valuable to discuss the 
planetarium presentations in .detail^ with the 
host planetarium staff, several weeks before 
the actual workshop.. For example, reading 
lights are needed for some of the activities. 
In some cases/ the host planetarium alreadjf 
had under-the-cove lighting tha,t was ^suit- 
abfe. In other cases, we brought along 
extension cords and half a dozen clamp-on 
light sockets with red bulbs. 

\ In any event, there was nearly unani- 
\nfious agreement that the effort required for 
Module 3 paid off in insight, practical 
techniques. j ' * 

The tabl^'that opens Module 3 is "lo be 
filled out' by the participants as they finish 
each sectipn of the module, The advantages 
and disadvantages iDf each technique will 
depend greatly on the particular l3rogram in. 
which tHe technique is used, 'but here are 
some overall guidelines: 

In the Didactic Organization the instruc- 
tor can select and order all of the ideas to be 
included in the program, and present them 



rapidly and efficiently. The principal disad- 
vantage is that the instructor may not know 
whether any of that information is reaching 
the visitor. 

^ The'^Wfl// Group Task Organization is a 
good way to start audience participation. 
This technique has the advantage of provid- 
;ing group support for visitors who might be ^ 
intimidated if asked to do the task alone. A" 
disadvantage is that sm^fll groups really must 
be small-preferably three to six people 
each-so that no visitor is lost in the group; 
With huge audiences, this ma:(^. mean that 
there -are too many groups and, that the 
instructor cannot give each group time to 
report it-s results. As with all activity organi- 
zations, there is always the difficulty of 
finding an 'activity that is sufficiently chaU 
lengulg and at the same time practical for 
everyone. . 

In ihe Individual Task Organization 
/each visitor's accomplishments can engender 
a sense of personal pride. Individual tasks 
^work well with either small or large audi- 
ences. Hearing a visitor call out "I got it!" is 
a delightful confirmation of the benefits of 
this organization, A diWdvaotage of this 
technijj«feMS the possibility that Some indivi-?^ 
duals may not succeed at their assigned' task. 
This, danger, can be avoided by carefully 
selecting and testing each activity. / 

The Informal ' Discussion Organization 
gives visitors an opportunity to express their 
feelings and reduce' the forrfiality and^'d 
structure of the planetarium visit. Visitors 
also appreciate the opportunity to confirm 
their feelings "about holv a program or 
activity is going. This organiza^n, how- 
ever, 'gives, you no guarantee of .just wh^ 
will happen, and indeed, whether the infor- 
mal discussion is valuable or not may vary 
from group tb group. ' 

The* GtoNp Meeting Organisation allows 
' visitors to talk with each ottier in' a Qon- 
trolled atmosphere with glear goals in mind. 
^J^he group may amaze itself with its ability^ 
to find answers that ^no owi^ member of the 
group could have determined alone. ' i 

, ^ T|ie group meeting does require care- 
ful initiation and .some skill on the part of 
the* facilitator. The group may take a long 
or a short time to reach its conclusions, so 



this (jfjrganization may not be easy JO fit. into 
a rig|(J time schedule./ , 

^ The Socrafic Organizfftlo^ like, the 
didactic in that the instructor >controls the 
progress and the rate of information 
presented. Unlike the didactic organization, 
however, th0 'questions and visitors* 
responses in the Socratio scheme allow some 
'visitor participation and give the instructor 
continuous feedback on ; how well the 
responding visitors are fpllowing the: pro^ 
gram. This technique does require great 
skill on the part of the instructor so^ that the 
organization does not become tpo authori^ - 
tariai) aftd intimidating^ 

The authors* answers for the 'exampleg 
of organization skills on the last page of the 
, module are: 1> Socratic, 2) Didactic, 3)> , 
Individual Task, 4) Shiall Group task; 5) 
Group Meeting, and^) Informal Discussion. 



Module 4 I . 
/ How the Visitors See It 

. ■ , f ■ 

This is the most ' theoretical and 

. perhapK^rtie most jfundamental module ' 
because ir presents a serious;, philosophy 
about how people* learn. The i applications > 
that have been fqiind for these! theories go 
far beyoiid thejplanetarium, and parti^^ 
may findahdre'ideas useful hb|h inside and 
outside of a ^tarry dome. / \ 1 
The required materijils arfe th^se to set ' 

^p.the Martian Dilemma Pii)blem. You . 
w^U need three small* ^ipheres .on stands. 
Styrofoam btills and cardbpaj'd or wooden • 
mounts will dp. You also need a small plas- 
tic or paper \gure to stdndi^on the Mars 
sphere and a bare light bulb.to represent the ' > 

■ /Sun. ■ . ' ■ . 

Many of the Questions asked invlhis ^ 
module are answered in the text itself. On 
page 22 > Question 1 should be answered 
Egocentric and Formal. For Question 2^ a 
visitor would have to' 'irnagine himself 
observing the objects in each picture from 

i within the plan^* of the picture, itself to 
understand the concept. That^s a formal 
level task, but it could be made concrete if a 
three-dimensional model of a spiral galaxy ; 
could be passed around the audience or if a 
continuously rotating projection^ could be 



shown 50 that the visitors actually see a Sin-, 
gle galaxy* as their observation point moved 
in and but of .the .galactic plane. Thef figure 
on Page 23 clearly requires formal leVel 
reasoning because the sets of individual pic- 
tures can be understood only if the visitor 
realizes that they are presented from three 
different frames of reference. 

In Secti(^n B, Classification 1 is For- 
mal, 2 is Egocentric, 3 is Concrete, and 4 is^^ 
Egocentric. . * . 

On page 31, the explainer in the.iirst 
cartoon strip is thinki'n^. egocenlrlcally. In 
the second cartoor^^ the wizard on the tight « 
is displaying formal reasoning. , 



\ Module 5 
"Questioning Strategies 



Many participants found the strategies 
described here to be as useful in classroom 
work as in "the planetarium. Questions- and 
:ianswers^ are useful both as. an alternative to 
didactic leptures and as a means of finding, 
put what your visitors or students know. 



The main difficulty with this module is 
that the categories W questions are not iron- 
clad, and it*s easy\) get into arguments 
about how> a particular question should 1^ 
classified. Howeve^, the process of analyzing 
one*s own questioning strategy is extremely 
useful even 4f the category system is not 
mathematically precise. This is another 
''^talking'' module, and no physical materials 
are required. On Page 41 ,*we would clas- 
sify the questions in the sample transcript 
as; 1) D; 2) M, 3) 0, 4) 0, 5) D, 6) D, 7) 
M, 8) R, 9) F, 10) M.<^ , 



r 



Module 6 
Activities for ihe Planetarium 



Module 6, like Module 3, gets down to 
practical examples'Of activities in the planer 
tarium. Three sample y^ivities are dis* 
cussed; all from "The ReW Planet -Mars" pro- 
gram given eiairlier. Please consult page 161 
for a list of materials tfiat you will need. As 
in Module 3, it is especially important to 
consult With the host |planetarium. F^^;^' 



example, you must determine whether the 
planetarium projector has a satisfactory Mars 
for the ftrst activity. 

As noted on ^Page 91 , we expanded 
this module by inviting participants to work 
on a "small group task" to develop and 
present an activity to their colleagues. We 
limited each presentation to fifteen minutes, 
followed by fifteen minutes of open discus- 



♦ Activity 



.Find the Planel. 



Mapping Mar^ 



Exobiology 



sion abput how the activity might be 
^expanded, improved, and incorporated into 
an entire program. For many of the partici- 
pants, the presentation and discussitfrT^f 
' these actiYities >yere the highlights of the 
workshop. ' ■ ^ I 

We would " classify the three sample 
Activities from "The Red Planet Mar^' as 
follows. ^ I 



Pattern of Organi* 
zatloh . . 



sniall group task 



$niaj) group task 



individual task 



Reasoning Levlbl 



J} 



concrete 



concrei 



concre 



f 

le- 



Activlty Strategy 



.synthesizing 



direct info 



open-ended 



1 ' 
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y -Module?^ 

Putting It All Together 

" Module 7 is a review of the entire 
workshop. To provide examples of how the 
conpepts presented in the modules" are 
applied, We found it useful to center discus- 
sion around the participants' aqtivities, 
presented in Module 6. 1 

Before beginning the discussion, ^raw 
an Outline like that oft page 88 , on q^ljlack- 
board or overhead prbjeotor. In the left- 
hand column, list each of the activities that 
were presented. When the group assembles, 

^ start by briej[ly reviewing the categories 
developed in 'Modules 3, 4, iand 5 , which 
form the headings for the hext three 

V columns of the Outline. Then, present the 
■"group tneeting^r task of classifying each 
activity accordingUo the categories listed at 
the head of oach column. Your job is^tq 
facilitate the dtecussipn and list pne or more 
answers for each cell in the Outline. 

According to many of thd partioipants, 
this final di^cussipn (vas the most helpful of 
the workshop in understanding the implica- 



tions of^ many of the techniques th|it were 
presented in previous sessions. * 

^ If ^ there is sufficient time you might 
wish to present one of the pre-post activities 
that are described at the end 6f each of the 
planetarium programs in Appendix D. One. 
of the most popular activities, that can be 
done in about a half-hour, is Cosmic 
Creatures descrihed ori pages 187-192. 

F^inallJ', we . recommend that -you 
* prepare an evaluation foriYi on which visitors 
can indicate what they liked and didn't like 
about each module. A ^mmary of these 
evaluation forms ^\\\ be very useful to you 
or to any of the participants who may wish 
tQ present a workshop in the future. 



' When Your Workshop Is Over 

We'd like to hear what Happened. 
Your expetiences can help us improve these 
materials, and we'll pass your comments on 
(if you wish| to others who may be trying 
their owa versions of the worksliop-. Our 
address is on the back of the title page. 



I 4. OrdWing Matiiials from the Lawrence 

'■■ ; • • ■ ! ^'r:-' ■ '. ' . ' ' ' .. ■ ■ / ■ ■ ■ ■ ■ ■ 

i ■ Slides arid posters used irUhis workshop and in the, model programs in Appendix D are 
avail^iblj^ from th&'vAsIronomy Program at the Lawrence Hall of Science. As long as our stock 
lasts/, we are pro^viding these /materials at our cost, as a service to planetarium educators. . *• 

/ If you , wish to order any pt the rnaterialsf below, "please send a copj^ of this form with a 
purchase order, check, or pfiori!B|v order made /ayable to "Regents of the University of Califcw- 
nia." If you wish larger quantities (for example, multiple classroom sets of.'the 4)osters) please 
write for price and shipping cost information. 
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* MATERIALS Available from the Lawrenee Hall of Science (Order W ' v 


' Desctipfion . , ' ; • 

• 


■ Price 


Quaniily 


. Total ' 


Slide set for ;The Red Planet Mars" 

21 slides made directly from bur original sources. 


$.15.75/set 


1 


: V . 


; \ ^ — ^— '. ^ 

; . ■ . ■ . ^' ■ ■ . ■ ■ - ■ 

Four Kodalith slides. Versions ofthje'Big Dipper, for the 
"Constellations Tonight" progratf. Thfese slides are. 
intended for. use in a "brute force"' projector, so you, will 
h'ave to vary the magiiification to fit your planetarium. 


3.00/set 


* 


• ■ 


' ' ■ / * ' ■ • 

Pos^ for classroom 'activities to supplement "Constel- 
lations.tonight": ^ large September-October sky map. . 


' .50 \ 


• 


• 


Six posters for classroom activides to supplement "Red 

^Plan^t Mars " ' - 


1.50/set. 


/ 




Artwork and slides for Activity #6, "Observing a Vari- 
able Star"-clean copy of the visitor data sheet foi* 
reproduction, a Kodalith slide of the comparison star 
magnitude numbej^s, and 11 Kodalith slides illustrating 
eclipsing bijiary star Hght cu^ 


* 

. 9.00/set 






■ . ■ » ^ 
TAX. California residents add_6% sales tax. BART 
, counties, 6-1/2%. ^ . ' • 


r 

* 


« 




> ^ . ^ = _ 

SHIPPING. Handling and shipping is included in tKe 
prices given above exceprf or posters, which are marled 
jn a stiff tube. Each tube holds up to '^12 posters and 
costs $3.00, including shipping. 

' ■ * 


3.00/tube 




'V 


• \ ■ ■ 

, V- - ^ : — 


TOTAL — 







\ Prices and availability are su%ct to chang^ without notice. Orders should be sent to 
WorVshpp Guide, Astronomy Education Program, Lawrence Hall of Science, University of Cal- 
ifornia, Berkeley, California 94720. ■ ' . \ 
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Appendix B 



1979 WORKSHOP PARTICIPANTS 



1 CANADA. ^ 

Claude \ F(iflfaiert,' Ontario Science Center, 
j70 Doh Mills Road, "Don Mills, Ontario, 
Canada, ;M3C1T3, (416) 429-4100 

AllflfTFiiwcett, Centennial Planetarium, Box 
2100, Cfilgary, Alberta, Canada, T2P 2M5, 
(403) 264-2030 

John Musgrave, * Provincial Museum pf 
Alberta, ^3 845 10^2 nd Edmon'ton, Alberta, 
Canada, T5N 0M6, (403) 452^2150 , 

'. ' - \ - ■ ■ . ' ■ '» ■.. 
\ . ■ - ■ ■ . . ■ 

\ PUERTO RICO ' 

Delores Balzac, University of Puerto Rico, 
Physics Depsktment, Mayaguez Campus, 
Mayague?, PueHo Rico 00708, (809) 832- 
4040 



... iJSA.^ . ■ ■ 

. ■ . ■ \ ■ ■ 

California \ 

Edna K. Devore, Independency High School . 
Planetarium, 1776 Educational ^^ark .Drive, 
San Jose, California 55133, (408) 9,?6-l776 

Alan J. Frledmaii?^ Holt flanetariuni, 
Lawrence Hall of Science, University V Cal- 
'ifornia, Berkeley, CA 94720, (415) \64.2- 

0552 ■ - ■ \ ■'■ 

Jean Henry, Shreder Planetarium^ Sha^a 
County Schools, 1644 Magnolia Street, Ked\ 
ding, California 96001^ (916) 244-4600 \ 

Victoria Lindsay, 404 Af ballo Drive, San 
Francisco, 'California 94132, (San Franciscb 
• State University Planetarium), (415) 685- 
1230 . ' 

Lawrence Lowery, School of. Education, 
Tolman Hall, University of Califprnia, 
Berkeley, CA 94720, (415) 642-4206 

V James Parle, San Luis Obispo Senior High 
j School Planetarium, 1350 California 
rBoulevard, San Luis Obispo, California 



93401,(805) 544-5770 

Ricliard Poremba, Astronomy for America, 
Inc., 9345 Easton Avenue, San Bruno, Gali- 
, fornia 94066, (415) 871-0566 ' . • 

Steven Pulos, Holt Planetarium, Lawrence 
Hall of Science, Uniiyersity of California, 
Berkeley, CA 94720„(fP5) 642-3679 • ' 

Sonia Silva, Science Center, Sierra College", 
5000 Rocklin Road, Rocklin, California . 
95677, (916) 624-3333 ' , 

Cary' L Sneider, Holt • Plai^Btarium, 
Lawrence Hall of Science, University of Cal- 
ifornia, Berkeley, CA 94720, (415) M2- 
.4429 ■ ■ ■ ■ . 'f, 

Marvin J. Vann, Foothill College Plane- 
tarium^ 12345 S. Almonte Avenue, Los 
Altos Hills, ' California 94022, (405) 9^8- 
8590 • • ; - 

•Don Warren, City College of San 'Francisco, 
50 iPhelari AVeniie, San Francisco, California 
94112, (415) 239-3242' 

Lori Wari-en,, Rosicrucian Planetarium, 1342 
Naglee Avenue, San Jose, California 95126, 
(408) 287-917,1 - 

Kingsley Wiglitman, Chabot Science , 
Center, 4917 Mountain Boulevard, Oakland, 
California 94619, (415) 531-4560 ^ 

Kenneth Wilson, Morrison Planetarium, 
Golden Gate Park, San Francisco, California 
^4118, (415) 221-5100 . 

Kay Woolsey, Santa Barbara Museum of., 
- Natural History, 2559 Puesta del Sol,* Santa 
I Barbara, California 93105, (805) 682-fl634 

^ . V Colorado / 

Carles P^civil, Venus Pjanetarium, 2525 
Mountainview Drive, Pueblo, Colorado 
81008,' (303) 542-8077 
Marie S. . Sonntag, Fiske Planetarium, 
University of Colorado Boulder, Colorado 
80302, (303) 492-5002 ^ . • 



Connecticut . 

Rachel P. Fitch, New Canaan High School 
Planetarium, New Canaan^ Connecticut 
06840, (!203) '966-9427 . 

John F. Lindholm, 151 Deerclilf Road, 
Avon, Connecticut 06001, (203) 677-2206,* 
(Gengras Planetarmm, Hartford; Ndw Mil- 
ford High School Planetarium, New Mil- 
ford) ; . - '\ 



Delaware 

Helen K. Moncure, Christiiftia High School 
Planetarium, Newark, Delaware 19713, 
(302) 731-2125 ^ 



Florida ' - ' 

Nedra A. Lexow, discovery, 231 S.W. 2nd 
Avenue, El. Lauderdale, Florida \33301, 
(305) 462-4115 . ' 

■ : Idaho ^ . • 

V . .. 

Steve Holland, Craters of the Moon 
National MonuiQent, Rock Creek Nature 
Center, Box 29, Arco, Idaho 83213, (208) 
.,527-3257 

' Indiana . '/ 

Jennie Howe, Washington Township Plah'e' 
tariyffljylSOl E. '86th Street, kdiiMpolis, 
ipdianr46240, (3 17) 259-5362 ' 




Kansas 



ary Jane Butler, Hutchinson ^lanetarium,<^ 
1306 North Plum, Hutchinson, Kansas 
6750l,-(316) 662-2305. ^ 

Dean ZoUman, Department of Physics, 
Kansafii State University; Manhatt^, Kansas 
66506, (913) 532-679^ ^ • 



LaUisiaria^r.^ 



i 



_ , -''V.^, 

Jesse W. Scott, Arabi Park Middle School 
Planetarium, Mehle Avenue ahd N. Roche- 
bltive Street, Arabi, Louisiana 70032, (504)» 
271-04/1 



Maryland . 

Jane A.- BubeCk, Patapsco Middle School 
Planetarium, 403 Old Frederick ' R«af, 
Ellicott City, lyl^wyland 21043, (301) 465- 
7121 ' 

David Candey,' Jr., RD 7 Box 194,,Elkton, 
.Maryland 21921, (301) Marylpd* 20031, 
, (301) 423:6565 (Oberlin College Plane-^ 

tarium, Oberlin, Ohio) 

Lora Chamblee, RD 7 Box 194,' Elkton, 
Maryland 21921, (3pl) 287-5321 (North 
East'High School Plaifetarium) 

Josepb DiRienzi, Kathleen Price ' Bryan 
Planetarium, N. Charles Street, Baltimore, 
Mafyland,21210^.(301) 435-0100 

^ ^ ■Massddiusetts 

. W; Russel Blake, Plymoutn-Carver Plane- 
itarium. Long Pond Road, Plymouth, Mas- 
. sachusetts 02360, (617) 746-8450 * 

Michael Burke, Plyifiouth-t^arver Plane- 
tarium, Long Pond Road, Plymouth, Mas- 
vsachusetts 02360, (617) 746-8450 

/ Jo Ann Coplin, Basset Planetarium, Depart- 
^ ment of Astronomy, Amherst Colfege, 

Amherst, Massachusetts, 01002, (413) 542- 

2075 



. ' - Michigan 

\ Garry Beckstrom, Exhibit Mus^m Plane- 
tarium, University of Michigan, 1109 
Ged^es, Ann Arbor, Michigan 48^109, (313) 
764-0478 ^ ^ 



Minnesota 

Lawrence B. Moscotti, Comdi Planetarium, 
780 W. Wheelock Parkway, St. Paul, Min- 
nesota 55117, (612) 489-8035 . 

Nebraska ' 
^ . ' • ■ ■ • 
Carl Rump, Dale Planetarium, Bo>c 77,- 
Wayne* State C(«lege, Wayrie, Nebraska 
68787, (402) 375-220(J 

Dirl H. Steffe, ^Chadron State College 
Planetarium, Math and l^cience Building, 
Chadron, Nebraska 69337, (308) 432-4451 



ERIC 



Nevada 

Dave Hostetter, HPleischmann . Atmos- 
pherium and Planetarium, University of 
Nevada,^ Reno, Nevada 89507, <702) 784- 
4812 . :< . . ' . 

. • . . . V. ■ ■ , ' 

Ne w Jersey * 

: Rosendo Abreu, C.S.D. Planetarium at l.S. 
184, 523 44th Street, Union gity, NtfW Jer- 
sey 07087, (212) 993-2964 

Higlnio D> Rodriguez, C.S.D. Planetarium 
at I:S. 184, i23 44th Street, New Jersey 
07087,(212) 993-2964 

■ .. . ' New York 

Steven M. Bernstein, P S. ^24 Planetarium," 
660 W. 236th Street, Bronx, Nfew York 
\ 10463, (212) 220-^446 

Victor ; Chung, Physics Department, City 
College of New York, New York, New York 
10031; (212) 690-6879 

Juan Fonseca, l.S. 184, 778 Forest Avenue, 
Bronx, New York 10456, (212) 993-2964, 

Michael G'osiewslci, Marlboro Central High. 
School, Cross and Plattekill Rojads, Marl- 
jfore^New York 12542, (914) 236^252 

Tom Haniilton, Wagner College - Plane- 
tarium, Grymes •Hill, Staten Island, New 
York 10301, (212) 390-3010 ' 

Eugene G. Harple, Lindenhurst Schools 
Planetarium, 350 S. Wellwood Avenue, Lin-, 
denhutst, New^ork 11795, (516) 226-6536 

Bill Kinsella, Schenectady Museum Plane- 
tarium, Nott Terrace Heights, Schenectady, 

New York 12308, (518) 372-3386 • 

' • . . . ' 

Kent T. Leo; 3850 iSedgwick Avenue, 
Bronx, New York 10463, (212) 292-0262 
(l.S. 184"District 7) 

Charles S. Nclesoh, '^75 Jamaica Avenue, 
Plainview, New York 11803, (212) 229-5029 
i (Kryger Planetarium) 

Murfay Spindel, Freepori High School 
Planetarium, Brookside Avenue, Preeport, 
New York U520, (516) 623-2100 

Samuel A. Storch, Edwin P.^ Hubble Plane- 
tarium, E.R. Murrow High School, 1600 
. Avenue "L", Brooklyn, New York 11230, 
(212) 258-9283 



V 101 



Ohio 



Robert Andress, Warrensvil|e Heights High 
School Planetarium, 4270 Northheld Road, 
WarrensVille TOights, Ohio 44128, (^16) 
752-8590 

. . • 

Ro^ DereweckL Coshocton Public Schools 
'Planetarium, Coshocton Middle School, 
Seventh Street, Coshocton, Ohio 43812, 
(614) 622-1058, ' 

Bill D.^Koliel, Fairview High School Plane- 
tarium," 4507 W. 213th Street, Fairview 
Park, Ohio 44126, (216) 333-4250 , 



Bud. Lindermap, Midpark Planettjrium, "|. ■ M 
7000 Paula Drive, Middleburg Heights, '^^inmf;^- 
Ohio 44130, (216) 234-6884 - 

Gary E. Mechler, Cincinnati Museum Df * . 
Natural History, 1720 Gilbert Avenue, Cin- r*^ f 
.cinnati, Ohio 45202, (513) 621-3889 



Oklahoma 

Jolene Ingram, 2600 N.W. 63rd #85, Oak- 
lahoma City, Oklahofna 73116; (405) 755- 
6777 -■ ■ 

Ron P. blowin, Omniplex, 'Kirkpatrick 
Planetarium,. 2100^ N.E. '52nd Street, 
Oklahoma City, Oklahoma 73111, (405) 
424-5561 • • . 



, Oregon 

-' ' ' ^ V 

GaryM. Bogner, H.C. Kendall Planetarium, 
Oregon Museum of Scienct and Industry, 
Portland, Oregon '97221, (503) 248-5925 

> ' Pennsylvania ' 

Henry D. D0bson, Central Colombia High 
School Planetarium, 4777 Old Berwicjc 
Road, Bloomsburg, Tennsytvnia 17815, 
.(717) 784-2833 • 

Jack Lefkowitz, Iht^rboto Senior High 
School Plaifetarium,. 16th and ^ Amosland 
Road, Prospect Park, Pennsylvania 19076, 
(215) 521-15QP 

Gerald I^. Mallon, Methacton ' School Dis- 
trict Planetarium, Areola Junior High 
School, Eagleville Road, Norristown, 
Pennsylvania 19401, (215) 4894900 
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Thomils p. O'Briel), Pels Planetarium, 20th 
and The Parkway, Philadelphia, Pennsyl- 
vania 19103, (215) 448^92 

Gedrge Reed, Wes^^^Swter College* Plane- 
tarium, West .Ctfester, Pennsylvania 19380, 
(215) 436-2788 



Texas 



Barbara Baber, Morgan Jones Planetarium,. 
P.O. Box 981, Abilene, Texas 79604, (915) 
673-2751 , ' - 

JliH Clements, St. Mark's Planetarium, 
. 10600 Preston Road, Dallas, Texas 75230, 
(214) 363-6491 

Wynn Godwin, Richardson I.S.D. Plane- 
tarium, 447 Crestover Circle, Richardson 
Texas 75080, (214) 238-8111 ' ' 

John Hicks, ' Mariam Blakemore Plane- 
tarium, Box 5542, Midland, Texas 7970*1, 
(9J5) 683-^41 

Lecie Huff, Richardson I.S.D. Planetarium, 
447 Crestover Circle, Richardson, Texas 
75,080, (214) 238-8111 
Keith H. Johnson < Poole Planetarium, 
< Odessa College P.O. Box 3752, Odessa, 
Texas 79760, (915) 337-5381 
]£lolse Koonce, Richardson I.S.D. Plane- ' 
tarium, 447 Crestover Circle, Richartison, 
Texas 75080, (214) 238-8111 

Bill Lawson, Garland I.S:D. Planetarium, 
3505 Hayman'Road^arland, Texas 75043, 
(214) 271-4152 

Sandy- Nobles, Richardson 1;S.D. > Plane- 
tarium, 447 Crestover Circle, Richardson, 
Texas 75080, (214) 238-8111 
Jack e. Pembertoh, La Porte High School 
Planetarium, P.O. Box 22, La Porte, Texas 
77571, (713) 471-0950 
\ Donna C. Pierce, Dallas Health and Science 
Museum, P.O. Box 26407, Dallas, Texas 
. 75226, (214) 428-8351 
lohn Pogue, XJrand Prairie LS.D. Pfane- 
jirii 30rWkrrior T|"ail, Grand Prairie, 
tSxM 75051, (214) 264-4731 

S(*tt pQhl, T^mitz High School Plahe- 
tar?^m, Oakdale at Center Road, Irving, 
75060, (2 14) .259-3621 

JamW Rusk, Mesquite LS.D. Planetarium, 
■iiSOl \MemoriaI ParkA^jfy Mesquite, Texas 



55149, (214) 288-7429 " 

: Barbara Soder, Dallas Health and Science 
Museum, P.O. Box 26407, Dallas, Texas 
75226, (214) 428-8351 ' 

Jane Wallace, Witchita Falls Museum and 
Art Center Planetarium, 2 ' Eureka Circle, 
Witchita Falls, Texas 76308, (817) 692-092.3 

. . Utah 

Irvin / G. Bassett,' 191 Eyring Science 
Center, Brigham Young University, Proyb, 
Utah 84602, (801) 374-1211 y 

William H. Loiry, 220 South 500 Apt. 



#4, Logan, Utah 84321 



Virginia 



Barrel G. Ardoln, W.T. Woodson High 
School Planetarium, 9525 Main Street, Fair- 
fax, Virginia 22030, (703) S23-1911 

Elvira A. Euler, West Springfield Plane- 
tarium, 6100 Rolling Road, Springfield, Vir- 
ginia 22151, (703) 451-6403 ' » 

Lee Ann Hennig, Fort Hunt High School 
Planetarium, 8428 Fort Hunt Road, Alexan- 
dria, Virginia 22308^(703) 360-5800 

Richard L. Joyce, Penninsula Astronomy 
Society, 524 J. Clyde Morris , Boulevard, 
Newport News, Virginia 236Q1, (804) 595- 
1900 V . 

John W. . Kritzar, Edison High School 
Planetarium, 5801 Franconia Road, Alwca 
dria, Virginia 22310, (703) 971-6850 o 

Gina Lynch, Defense Mapping SdioOl, 
Department of Survey, Fopt(jeivo;^ Vir- 
ginia 22060, (703) ^64-4391 / 

'Herbert D. Teuscher, Plaza Jr. High School 
Planetarium, S. Lynnhaven R<)ad, Virginia, 
Beach, Virginia 23452, (804)^86-1971 

John W. Trissel, Jr., Kj/ 2, Box 281-A, 
WaynesBoro, Virginia 22980, (703) 943- 
1057 (Augusta County Schools 5*lanetarium) 
Chris Vagnos, Hayfield Planetarium, 7630 
Telegraph Road, Alpandria, Virginia 22310, 

* (703) 971-8920 " . 
Paul D. WilsonyDefease Mapping School, 

. Department of /Survey, Fort Belvoir, Vir- 
ginia 22060, (703) 664-4391 
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* ■ ^ « , Washingtph . , 

■. :• •.•■(.■ .;■ . • . ^ ' /■ •■ 

N.A^ HIgglnbothatn,/ Department (W PhV' 
. -sics, Eastern] Washirigton Univer^y, Che- 
/'ney, Washington :99004, (509) 159-2874 , 

Dennis Schitz, 'Pacific Science Center, 200 
2nd Avenuiew^^ Seattle, W^ington 98109, 
(206) 382-2373 ■ 



' .1 ■ 

7- 




Wash^gton, D.C . 

Robert WehrllyModel Secondary School for 
the Deaf, Keridall Green, Washington, D.C. 
20002, (202) 447-0630 ' 



West Virginia * 

/ ■ ^ • •■ . " 

^jchard Wonkka, Alderson-Brpaddus Col- 
lege Planetarium, Philippi, West Virginia' 
264,16, (304) 457-1700 - - 

Wisconsin . 

Peter t)hard. University of Wisconson, Fox 
Center, 1478 Midway, Menasha, Wisconsin 
54952, (414) 734-&731 

Paul A. Taylor, BuckstaflF Planetarium, 
University of Wisconsin, Oshkosh, Wiscon- 
sin 54^01, (414) 424-4429': * 
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FOR PIANETARIIJM EDiJCATORS 
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* ' exhaustive bibliograpWv.df books and articles of interest , to planetarium educators 

would contain thousands of ewitfs. We have selected severab sources in each msuor category 
that arSukely to be of hiterasj^' most readers. Those who 'wish Ho go beyond these sources 
may'find^ usefOl to, turn to seitibn 9, Bibliographies.an^ Rhi^ws^ fm more comprehensive list- 

.-ings, . ■ '\ ;■■ ■. ■ ■■; • ' .-^ . ' 

.' The m^jor categories cQ»!|!iried in this selected bibliography are as follows: S- 



1. PeriodiCalf'Covering Astr6nomy 



'2^ Books for "observers . . ' ' " * ♦ 

■■: -. ■ ' ;> •. ' ,i • : • -.f^: . 

3,; Books for BlejTientary Students anci Teachers ' ' 6 

• ■ ' ■ ■ ■ ^ ^ ■ ■ . " '■ . ,*'•■'.' 

.4. '*^igh SchooJ and College Texts / . . . ■ , ''^ 4'. " 

5. Collections of Astronomy JVrtivfties^ 

' i ^ ♦ . ■ ■ ■ ■ % ' 

6. Articles and Research Relevant to 
Participatory Planetarium pirogramming 

7. Research in the Classroorn Setting 
•8. Piaget'sThj 

9. pibjlkigraphies a^d^Keyiew^ - 





l*. . Periodicals Covering Astronomy 



^Astfonon^ .is a beautiful, colorful magazine for the layperson. It's not for those seeking 
Vf^'technical information or treatments of the more difficult concepts. Astro Media Cbrp., 4f 1 E; 
Mason Street, 6th Floor, Milwaukee, Wisconsin 53202, 

Mercury is an excellent, thoughtful journal on popular astronomy that tackles topics like wavel 
' niar the speed of light and astronomical images in poetry^ Critical, bibliographies on 
newsworthy and coiitroversial issues like paeudoscience aippear regularly. • This rhagazine is free ' ^ 
"With a *member8hip in a worldwide astronomical group which also provides many other fine 
benefits. Astronomical Society of the Pacjfic, 1290 '24th Avenue, San 'Francisco, California .. 
.■94122; .-■ • ■ . , 

04yssey\& the only .periodical on astronomy we are aware of that is written expr^sly for Chily . 
dren. It contains activities as well *as pictures and short articles. . Astro Media Corp., 411 E. 
Mason Sjreet, 6th Floor, Milwaukee, Wisconson 53202. 



Pianetarian is published expressly for and by ♦planetarium personnel. Included are artide^on 
/programming, finance, technical* develo*[ients, .educational effectiveness studies, ^cc^smic 
hiimoi', and in short, just about anything^ou and your plaHetariunri colleagues would like to ' 
rcQci about. The Journal is free for members of the International Planetarium Society. Write to 
AValt Tenschert, I.P.S., Membership Chairman, Thdmas Jefferson High School, '6560 tiraddock 
Roadv Alexandria, V A 22311 ' - , • ' • ' ^ ; ^/ ^■ 

Planefariiihi' Directors' Handbook contains a variety of programs, activities, and technical tips for 
use in the planetarium. Address inquiries to Planetarium Director's Handbook, Spitz Space. 
Systenis, Inc;, Chadds Ford, PA 19317. ' 

Science jNews is easy to read, up-to-date; and informative. If you want to be the first on^your ' 
- block to know what was discovered in the skyiast week, tjtiis is the ij^gazine for you, Sub^crip-' 

tionsDepartment, 2 A West Center Street, Marion, Ohio 43302? 

■ ■ ^ ■ ■■ » ■ 

Sky and Telesiffpe is for more technically inclined amateur astronomers and science edi^cators. 
Very "goodlfor people who wan*^ biiild theit own telescopes, or ^ beyond casual star gazifig. 
Fine photb^ssfej^s'^n observatories,'^ professip amateur. Sky Publishing Corporation, 

49-50-M Bay St9te Roai Cambfife M ' ; : 



2., Books for Observers 



'NQfion, Arthur, Norton's Star Atlas and Reference Handbook, 1973, Sky Publishing Corp., 49- 
50-51 Bay State Road, Cambridge, Massachusetts 02h38! This is the standard reference for 
• amateur- a§.tronomers, and inclydes star charts, lists of interesting objects to look at and a cap- ^ 
sule report .on the state of astronomical knowledge. - ' 

• 

'Paul, Henry E., Telescopes* for Skj>gaiers, 1976, American Photographic Book Publishing Ci£r^ 
Garden City, New York. Available from Sky Publishing Corp. (for address see reference to 
Norton, above.) This is the best book available on selecting a telescope and accessories. 

' Peltier, Leslie C.y Starlight Nlghts, ^965, Harper Row, New York. Peltier is one of th6 
greatest comet-hunters of all tiilfie, and his atftobiography is^ delightful reading. It's the best 
introducti6n in writing to the excitemetit of being an amateur -astronomer. 

Rey, H.A., Find the Constellations, revised, 1976, and The Stars: A new Way to See Them, 1975, , 
^ Houghton Mifflin Co., Boston. These bopks proviJe simple line drawings for identifying con- 
stellations. Many users l^d Reyis constructions visually clear and more meaningful than the 
traditional Greek and Roman constellation outlines. The first book is for young stargazers , 
(grades 3-7) and the second book is for more ^mature stargazers (grade 8 and above). See the 
study by Smith in section 6. of this biblipgraphy for an evaluation of the educational 
effectiveness of*Rey's outlines a? used in the planetariu/rt. 



3. Bboks for ElemeAta^^^^ 

■:^.:.. -ri ■ ■ ;,- ^V V^- 

Atkin, J. Myron* and Stanley P. Wya'U, Jr., Co-Directors, The University of JlUnois Astronomy 
Prdgramr l%9, Harper & Row, New York. This seties of six booklets presents a comprehen- 
sjvfe; activity-based cqurse in astronomy. The concepts selected* and level of presentation are 
best'suited for high-ability students in upper elementary and junior high schools. 

Bergamini, D., The Universe, 1969, Life Nature Library, Tjme Inc., New York. This is a good 
book not only for.e'lementary school children, but also for older^ersons with little knowledge 

of astronomy. Slightly dated. . . • ♦ . ) 

■ i ' • . •» . • '. • 

Elementary Science Study (ESS) Teachers' Guides, bayiime Astronomy; \91\, and Where Is the 
Moon?, 1968, McGraw Hill Book Company, Webster Divison, New York. Here are a number 
jof participatory astronomy activities which Jjn be done during the day, and as homework. 

• . ^ ■■ ■ / V 

Jobb, Jamie, The Night Sky Book, illustrated by Linda Bennett, 1977, a Brown Paper School 
Book, Little, Brown, & Company, Boston. A^ractive illustrations, photos, and suggestions for 
things to make and do will draw many readers into astronomy. Teachefs and parents «hoUld be 
aware, however, that although the book is intended for 5tH grade and above, the reading level 
is tod difficult for most children at this age; consequently. The Night Sky floo/r would probably 
be roosf effective for junior high students. ' '^ 



? V ' ' MacBeas, J;C., A. Stecher,\p.F. Weritworth', and j.K.^ Couchman, Examining Your Environ- 
' - . i ment: Astronomy, 1973, Winston Press, Minneapdlis. This classroom set h^s many nice aStronr 
omy "activities, biiVdoesn't cover any subject in depth. 

Mocfie , Dinah, What's Up There?, 197§, Scholastic Book Servicers, 90.4 Sylvan Aveoue,Engle- 
■ ° V wood Cliffs, New Jersey. This is an excellent and inexpensive "flfst" . book, on astronomy for 
- • young children. 



4. High School and College Texts 

Innhi? section we have listed only a few pf the more than 50 astronomy textbooks that . 
'a^e^now on the market. For an overview, of these textbooks,^ see the two articles by Andrew 
Fraknoi, ti ted below. . ' v - 

t, . ' ■ ■ . ' • ; ■• ' ^ 

Abell, George 0., Explorgtioh of the Universe, 3/d Edition, 1915, Holt, Rinehart, and Winston, 
New York. AbQll is a ^lassie text oil astronomy, covering all aspects. The math level is first^ 
year algebra. ^ • 

Raknoi, Andrew, -"An Analysis of Introductory Textbooks in Astronomy," Physics Teacher, 
May, 1978, p. '309. " v ' . < 

Fraknoi, Andrew, "Textboolcs," Mercury, January/February, 1979, p. 20.- This article updates 
Fraknoi's 1978 analysis of astronomy textbooks. " 
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Holton, Gerald, FJ, Rutherfdd, and F,G,Wats^i directors^ /^^^^ Holt, 
Rinehart, and Winston, New York, The Unit II Text and Reader pfbvTde an excellent high 
school leviM treatment of the concepts arid/historical development of astronomy. Laboratory 
exercises which accompany the prograrn have students plot orbits, measure the height of moun- 
' tains on the moon, measure the diameter of the earth, and perform other activities, 

Jastrow, Robert, and Malcolm v^, Thompson, Astronomy: Fundamentals an^^ontiers/lx^ Edi- 
tion, 1977, John Wiley, New York, *This college level text is one of the best books for a funda- 
. mental understartding of astronomy-all without math, It does riot cover in depth the motions 
that can be observed in the sky, , 

Reed, George, Naked i Astronomy, and The Astro ffomy of One Constellation, 1976, Kendall Hunt 
Publishing Co., Dubuque, Iowa, Designed as a two semester course for secondary or college, 
students, the first wolume includeis information and activities related to what . the students can 
observe with the ripked eye. The second volume covers modern astronomy, relyjng on exam- 
pies from the constellation Orion. - 



5 r CoUectioqf ot Astronomy Activities 

American Astronomical Society, A AS Resource Paoket for TeacherSy A AS E^uc^lionOt^^ c/a 
riarry Shipman, Sharp Laboratory, Uriiversity of Delawar^, Newark, Delaware 19711, This 
packet is a sampling, of classroom activities and other resources for middle school teachers, 

Knappenberger, Paul H. Jr,, editor. Astronomy Activities for Secondary Schools, 1976, Science 
Museum of Virginia, 2500^ W. Broad Street, Richmond, Virginia 23220, This set of activities 
has been disfilled from a large number of.activities developed by teachers to present astronomy 
in grades 7-12, The activities have been tested for accuracy qf> information presented and |pr 
workability i|l^ the classrooni, , A 

Lawrence Hall of Science, Astronomy Education Program, Sky Challengers-Games for Star 
Gaz^rSy 1979, available from piscov^ry Corner, Lawrence Hall of Science, University of Cali- 
fornia, Berkeley, CA 94720, Thiayjeries of interchangeable "sky wheels" provides several 
riaked-eye and binocular observili^%:tivities for age 10 to adult. 

' * . * ■ ' • • . ■ ■ 

Middle Atlpntic Planetarium Society and the University of Maryland, Under Roof Dome,*and 
Sky, 1973, available from Lee Ann Hennig, 39y Sonora Place, Alexandria, Virginia 22309 
($8,00), Forty-flve activities are described which can be performed in the planetarium. These 
were designed for use with the new curriculum projects. 
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. 6. Articles and Research Relevant to 



Participatory Planetarium Programn^ing 



• Bishop, Jeannel'The Development and Testing of a participatory Planetan'um Unit, JEmphasiz- 
. ing Projective Astronomy Concepts and Utilizirig the^fKarplus Learning Cycle, StudeiTMariipu- 
. latioti, and Student Drawing," 1980, i/npublished doctoral dissertation, University of Akron, 
' Akron, Ohio. A unit on astronomy was developed to enable students to learn the relationship 
between two persp^ectives (on earth .and from spaced of commOrt 'astronomical pheno(nena. .The 
■ unit, was preslntedsto one grOup using a traditional method of instruction and to another group 
using the Karplus Learning Cycle, a specific "participatory" approach. B«th groups performed 
better on an immediate post-test than did a no-treatmeM cont^I group, but there was no 
significant dirferencp between groups ^xpq^Hj^o the^ twolinstructional n^ethods. A delayed 
post-test, however/ revealed that the students exposed to tthe participatory approach retained, 
significantly more- of what they had learned than did stodents exposed to the traditional 
approach. ' ' \ „ " . ' 

,vCUrtin, John T., "An 'Analysis of Planetarium Program Content jind the Classification of 
' Demonstjatof's Questions,^ 1967, unpublished doctoral .dissertation, Wayne State University. 
Curtin analysed 38 recording tapes and 35 questionnaires of planetariuhi programs presented to 
^ school childlren. "According to Bloom*s criteria, all; but 9" of 413 questions were in the 
knowledge 2&s§." Seven questions were in translation. One waS in analysis of relatioiiships, 
and one was in extrapolation. . ' 



• ■ ..... i ■ 

fTetcher, Jack,- "An Experimental . Comparison of the Effectiveness of a Traditional Type Plane- . 
tariu'm Program ancTa Partjcipatory Type Planetarium Program,""^ 1977, unpublished doctoral '-^ 
^dissertation. University of Yirgmia at Charlottsville. Fifteen planetarium instructors presented 
participatory and traditional versions of a program on Stonehenge and how it relates to the 
annual, rising and setting ,poirrts of the sun. Since discussion was permitted durjng the "tradi- ^ 
tional" programs, the only difference between the two presentations was the physical activities. 
When data from all of the instructors were combined, both methods web found to be educ£\- 
tionally effective, but no significant difference was found betweert them. However, the student^ . 
of six Of tiie instructors learned significantly more from the participatory program than from the 
traditional program,»and a significant difference in the opposite direction was found for two 
instructors. This finding led Fletcher to conclude that the instructor was a mOre important fac- 
tor In stud'erjit, achievement than the method bf Instruction. '.^ - ' 

Friedman, Alan J., "Alternative Approaches to Planetarium Programs",'>)973, Mercuryi v.2, 
Jan/Dec, pp. 12,18. Presents two alternative approaches to planetarium programming: 1) 
actively involving the visitors in activities during the prograni; and 2) pre^nting astronomy 
concepts \vithin their pulturil context, / ' ^ .. 

Friedman, Alan J:/ "Interactive Public Planetarium Programs", Proceedings of the 1974 Confer- 
ence of ISPE, International Society of Planetarium Educators, Special Report #6, Atlanta, OA, 
pp. 52-55. Describes interactive programs at the Holt Planetarium. A variable star observing 
activity Is'ofTered as an exantple of how visitors can interact with m^iterials and the Instructor . 
dttring the program. . ' > 



t < 



Fjfiedma^;^ Alan J., *Ta^|cipatgry Planetarium Shows", Planetarium * Director's Handbook, 5, 
no. ^ Spitz Space Systefis, Chadds Ford, PA. Presents six activities that can be used during 
planerarium programs l9 enable the visitors to learn about the concepts hnd process of astrqn- 
.oniy.. . ■ ' 7 > :j 



Friedman, Alan J„ Dennis L. 'Schatz, and Gary I. Sneider, "Audience 'Partimation and the 
Future of the Small ?lanelav\txm\ \976- Planetatm^^ December, pp. 3-8. This article offers a 
.more precise definition of "participatory" f>rograms, and extends the rattonale for this approach ' 
to include economic considerations/ and research in thtf* fields of education and psychology. 

Mallon, Gerald, "A Pilot Study: tape vs^ Live Teaching," 1974^ Science Adtivltles; vol 11, ho. 5, 
pp; 10-11. Mallon performed a carefully cpntrolled experinient to see if the physical presence 
of a planetarium instructor makes 'a difference in learning by the visitors. The same prograrp 
W9S presenteid *by automated tape and by an instructor. The group who had thje live presenta-, 
tion performed significantly better than»the group who had the taped presentation. 

Mallon, Gerald, "Student Achievement and Attitudes in Astronomy: An Experimental Study of 
the Effectiveness of, a' Traditional Show Planetarium frpgnait^&nd a Participatory-Oriented 
fla'fetarium Program" 19^0, unpublished doctoral dissertation, Tem^>le University, Philadelphia, 
Peniisylyania. The study found that the participatory program was more effective than the^trad- 
itional star show in promoting concept learning and attitude change. The mfgor. study, which 
involved 324 students in Pennsylvania, was complemented by four smaller studies at widely 
separated regions in the US! • 

Schafeff^Sheldon, "An Experiment in Participatory Planetarium Programming," 1977, Plane- 
tarian, \o\.6, no. 2, pp. 10-21. Planetarium audiencss were polled at the conclusion'of various 
programs. The primary results showed that 48 percent preferred the participatory show, 21 per- 
cent preferred the theatrical multimedia show, and 31 percent had no preference anjj eryoyed 

both shows. , S> ' 

. ■ ■ ■ ■ ■ ■ . ^ 

^ ■ ■ ■ .' ■ ' 

Shafer, Sheldon, "A Brief Negative. Encounter. With Participatory .Shows," 1977, Planetarian, 
vol 6, no. 8. TJje author reports the results of a post-visit survey of school groups that experi- 
encfed participatbry planetarium programs. Although- stu4ents claimed to prefer participatory 
' shows, 'teachers e)fpre$sed th«» following fesery^Jions: 1) there was too m^Jf'questioninf ancP 
answerjing, 2^ thfe* show was noft as visually interesting as conventionarlhows, 3) 'only the 
brightest students tended to participate, wld 4) thb teachers believed that the students er\joyed 
the .convVentional show more. ' ' ' 

• ■ ^ ' ■ ■ / .' ■ ' .;■ ' '■ ■ ■ ■' ■ ■ ' ■ .' . . '. 

Schatz, Dennis* Greg Swahson,*artd Dave Taylor, "Cerebral Participatory Programs: Their Role 
in the Planetarium", 1978, Pacific^ Science Center, Seattle, >yashington (paper presented at IPS 
Convention in Washington, P.C.) Describes. ft study which compared two types o^f^teractive 
pro^lllhs: a progran) which involves the victors in physical manipulation of star maps, and a 
program in which a slide was substituted fbr the actual maps and verbal 'discussion was substi- 
tuted for the actual performance of the star map activity. Bq|fh groups performed equally well 
on paper-and-pencil tests of the, visitors' abiliti|p to us^ star maps. Cerebral participation seems 
especially suited to large planetariums* in whicff some types: of physical activities are difficult to 
■arrange./.- ' ''V . ' 



Shiith, Theodore v., "The Effectiveness of- Constellation Figures," 1974, Pfanetarian, vol 3, no. 
3&4, pp. 74-83. This research report on methods for teaching constellation recognition 
describes previous studies and critically reviews their wealfriesses, The central focus of the arti- 
cle is a weil-controlled study which showed that constellation figure ouUines used during the 
program do riot help visitors pecogijize the constellations on a tes^^^ , 



1. Research in the Classroom Setting 

Dunkin, M/'and J. Biddle, The Study of Teaching, i974,HoIt, Rinehart, and Winston, New 
York'. This is the mosl Extensive review evef published on classrooni research, containing over 
1,000 research studies svmmarized in a coherent and readable format. ' 

Lowery, Lawrence Learning About Learning: Questioning Strategies, 1973, University of Cali- 
fornia, Berkeley, CA (for addresS; see reference to Lowery in Section 8 of this bibliography). 
'^This booklet containji peirsional workshops that instructors in all disciplines can use to improve 
their o>)vn questioning sfrategies. Also included is a bibliography on the use of Questions in the 
classroom. •* ' 

Moriber, George", "Wait-Time in College Science Classes," Science Education, 19>1, vol. 55, no. 
.3, pp. 321-328. Describes research on wait-time following teachers' questions at the icollege 
."level. • ^ ■ , ■• ■ ' ■ ■ ■ ' \ ■. ' 

Rowe,/M9ry Bjidd'/"Sci^nce^ Silence, and^Sanctions,";1969, Science and \CMdreny '}^^ 
11-13;' V^y readable idescription of research arid Ayait-time following teachers' questions and 
the use of rewards arid punisftments with elementary school science .stqdents. v ' 



8. Fidget's Theory of Inte^ilectu^ 

^ishop, Jeaiftje, "Planetarium MetliodS Based^pa the Research of Jeaa Piaget," 1976, Scienge 
and Children,' May, ppv5-8. In this article, Biship relays Pifiget's stpges of.'inteilectual.deyelcJljP . 
went to cqncepte that .ar§ frfcquently taught in the pldnetariiimi; ;Releyant for teaching pre- 
school through adult. V^*' ■■^ . V • , • v 

■ Charles, C;m., Teacher's Petit Piaget, 1974, l^earbri Press, Bfelm^jpt, California. Possibly thfe 
best brief: and inexpensive ($2.00) introduction to Piaget's work and its Ifflflications for educa- 



tion. . ■ 



Cowan, P.A., Piaget With Feeling, 1978, ^Holt, Rinehart, and Winston, NeW York; A gaU^ral 
summary of. Piaget's work and theory for those working directly with children. 'It offers an 

, excellent section on the motivational and affective consequents and correlates of Ptegfel's cogni- 

. t^ye stages.- . " 
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Elkind, David, "Piaget and Science Education,"' 1972,' Science, and Children, November, pp. 9-12. 

This is one of the best articles concerning the implications ,of Piag^t's theory for. science educa- . , 

■' tion. . ■ ■■ ,. , ■ , • - ^ • 

Lovery, Lawrence F., the Learning About Learning series includes the. flowing booklets on ^ 
Piagetian theory, and research: Classification Abilities, .1913, Conservation Abilities, 1974, and 
Propositidnal Abilities, 1974, University of CaliiFornia. Available fo/ $3.00 per booklet plus tax- " 
and handling, from the author, 4531 Tolman Hall, University of California, Berkeley, GA 
94720. Each booklet is a self-cdqtained personal workshop in how to interview students to • • 
assess their level of intellectual development. Summaries of the'relevant research studies are. 
also includA to help the reader relate the itsults of these interviews to the work ofwhers.' 

Piaget, Je'an. The Child's- Cdnception of the )^orld, 1929, Harcou.rt, Brace, Jovanovich, New /; 
.Vork;. ••• • ■ ■ ■' • . . ■ ., ■, .. . .• ..■ ■ ,'■ ■■ . ' 

* . . • ' ■ . . , ■ ... 

Piaget, Jean, The Child's Conception of Physical Causality, 1970, Kegan Paul, London. 'r' 

. ■ ■ ■ - .■ " ■ • ... <.. 

Piaget, Jean; and Barbel Inhelder, The Child's Conception of Space, 1 956, Routiedge and Kegan 
Paul, London. " ' ' ^ ^ :' ' >\ 

■ ■■ "^^-^ . ' ■ \. ■ • ^ ■ ■■ \- • ' • . 

Pidget, Jean, and Barbel Inhelder, THe Growth of Logical Thinking from Childhood to Adolescence, 
1958, Basic Books, Inc., New Y,ork. . \' • 

■ ■ , ' • . .' ' * 

Piaget, Jean and Barbel Inhelder, The Child's Cpncepti'on of Geometry, I960, Basic Books, Inc.; 
. New. York.' • ' ' 

: ■■' • ■ ■ ■ ' • ■ ' ■ ; .■ 

Piaget, Jean and Barbel Inhelder, The,Early Growth of Logic in the Child, 1964, Harper and Row, ^ 
New- York. 

iSchatz, Dennis, 3.nd Anton E. Lawson, "EfTective Astronomy Teaching:. IntelleQtual beveJop> 
ment and Its Ifnpiications,"*1976, Mercury, Ji^y-August, pp. 6-13. This article applies Piagetian 
theory to astronomy concepts commonly taught at. the high school and college levels. 

Schatz, D-ennis, A. Fraknoi, R; 'I^pbbins, and C. Smith, ^ective Astronomy Teaching an fStiddent 
Reasoning Ability! A- Self-paced Workbook, \91%, X&mQW}.t Hall of Science. This 2^0^age . 
jwperback- i^ivailable ^ot/is^OO plus postage - 
Pacific, 1290 24th Wnue,^an Francisco^GalifoFnia 94122. First presented at a meeting of the 
* American Astronomical Sociely, this workbook is a, self-contained program for iriiproVing ■ x 
. AstronoQiy teaching at/the high school and .college levQls. It inrcludes &n ffitroduction to Jean v - 
Piaget's theory of int'el'leptual development and its implications fo 

Sections fpr.analyzing'readki'g materials, ite Comprehfensive appen* ■ 

dices jist resources for use in a|;trqnoiny courses. ^ ^^^^ , ■ . * • 



Wadsworth^ B.,.Piaget'for the Classroom ^Teaclier, 1978, Lpngman, New York. An excellent 
background to Piagfit's theory and researel^ together with applications for education. It also 
contains excellent chapters on Placet's theory as applied to science education and evamatipn. 
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tarium setting are included. • -."^ * . 

W^rneking, Glenn E., 'Planetarium Education in the 1970'S" A Time for Assessment," 1970, 
• Science Teacher, vol 11 (October), pp- 14-15. This is the earliest review of research studies, 
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Constellations Tonight was designed for public audiences and for school children in grades 
four and above. With simplJt star maps and otW^ slight niodificatiofts, it could be presented to 
fsomewhat younger audiences as well. f ,^ 

The program begins by inviting the visijors^to locate a familiar -coQstellation, the Big 
Dipper. Then a brief discussion bringC out the many possible functions of constellations for 
the people who invented them. An optional activity for younger school groups helps the chilr 
dren understand the origin of constellation figures 'by creating their own. 

The meUor activity teaches the visitors how to use a star map for finding specific constella- 
tions in the planetarium sky.: Visitors then take turns pointing out their constellations to the 
entire audience. As each constellation is identified, the instructor may project artists' concep- 
tions offhe constellation outlines, tell a short version of the relevant star^yth, and/or show 
telescope views of star clusters, nebulae, or galaxies that can be. found in the constellation. ] 



We would be very grateful tq^hpar from yau. about how you used this program, what 
modifications you made, what worked well and what^EHdn't work>yelL 

' Objectives / 0, 
attending this planetariunrj program, the 'visitors will be able to: • 

Explain that constellation figufes are created by people jn many societies. Although there 
are many different possible Constellation figures for a given pattern of stars^ everyone in a 
given culture generally agrees on a. single figute for each star pattern that is thought to be 
important. ♦ . " - I . * 

2. Describe at least twd functions that constellalifns serve* for the people who share them; 

3. IJse a strfr map to find constellations in the planetarium sky, and ultimately in the real 
night sky; and ' ■ ' - , 

4. Realize that they can use the star /nap they take home,*Bnd faefl th^t It is fun and satisfy- 
ing to .find constellations in the sky. \ . ' . 



" • AcknoWeidgements - 

• ; ■ ■ ' , • ^ J. ' 

The particular versions of the Dipper mentioned'on pages 124^:^25 come from the follow- 
ing sources^ (referenced fuHy on page 126): . . V 
/ Greek myth- and "B^r and the Oak Tred" mytbfrqm StaaPs •PaW^'rwi m . 
"Fivei Wolf Brothers" myth from Clark^s Indian-Lesends of the P^cifiQ I^mhw^si / . 

■ V '^'Materials" ■: * / j.- * 

: ^ present this pro^am'in your planetarium; 

tt) A on?-page star map for the current season for each participant to use and to take home. 
(Copied of tWe mj^s we use are attached to this program. Yoii may wish to develop your own, 
of yov can obtain free permission to reproduce ours by writing to us. Gerald Mallpn, of the 
Methaeton School District Planetarium in Xorristown; Pennsylvania, suggests using an over- 
head transparency. Of the map ta explain how ta use it. Sheldon Sthafer of thcsLakeview 

■ Ivtuseum Planetarium of Peoria, nl|iois, prefers the "FormSe Ctoss" ;style map, dfevefefted by 
R.K. Marshall.' , . • ' , • . \^ - 

2) A battery-operated light pointer. These are available from photographic stores. They may 
be used as is. We modify ours in the following ways to increase battery life; a) replace the slide 
switch with a momentary contact push button; b) add a silicon power diode in series with the 
batteries tp drop the voltage; anjd c) use' rechargeable ni-cad batteries*. ' v v 

.Optional: , , < ' 

3) Reading lights fo^ the participants^ ' We have 7-watt' night-light orange bulbs under thf 

. cove, with shades so they shine down on tl}e audience, this is Very convenient, because visij;;^ 
tors can examine their star charts and look back up at the sky freely. The progfam can also be" 
done by turning up the daylight for people to study their charts, and then tyrning it down forN 
sky examination. . \ ' ' - ' 

4) Constellation' outline prbjcietors. We use the inexpensive "brute force" units from* Charles 
Walker, '33 Beatrice Avenue, Bloomfleld, ConnecticJut 06002. 'Another optional component of 
this program is a set of outlines qf other versions of Ursa Mtuor--ii dipper, a plow, and a group 



of figures from » Native. Americari legend. 35 mm Kodalith slides, intended for "orange-juice 
cai^ brute force projectors" are available from us at cost. Seepage 97. » * L 

5) Slides of interesting objects (nebulae, galaxies, plar\^ets).in the current sky. We select thi^e 
or four slides, usually from the Hale Observatories' series or ifrom the Hansen Pl&netarium set 
by Charles Gapen (15 South State Street, Salt Uke City, Utah 84111). The latter more, closely 
approximate the view in small telescopes. ' 



. ' .Script.-. . ■■ ■ " ••■ 

^ ' .We jdon't expect, the script whiph follows to be memorized (as an actor might memorize a 
' part) jiibt to be used as a guide in learnirig, rehearsing,, and amproVing Presentations. We 

recommend that you read the script brtpQ or t\yice, thdn work with k ih the planetarium, pcac- 
•ticing the projector controls, slides, special effects, -and music. You should be able to imagine 

yourself presenting information, asking questions, and responding to parti^pariis. For- your first . 

few presentations, you can have, the script on hand, using m^uor, headings as reminders of what 

ta do next; • ' > ' v ^ ^ 

. The script is organized fti blocks or s^tions. The purpose of th^ sepafatipns is only tp 

help you learn and rejmfember what comes next.: Once you have begiip a section, the 'slides or 
. special effects and ydiir own train of^ thought wjH keep Vou/on track. When beginning a n^w 

section, make the transition Ipgicaljy and ^mo"bthly.-. • • ^ . * 

Directions for the instructor are jJrinted in the instructor's narrativQ.is pri in 

regular type, ar)d directions and questions to which the .audience is expjected to respond are 
printed in.. CAPITAL LETTERS. There is no point in memorizing narration word-for-^^^ 
jlnce what ypu need to say will. depend upon the participants. The language you use anti the 
number and kinds of questions you ask wm depend On how old the participants are, hpw willing 
.|they are to respond, and how easily they seem to understand what is going o*n. 

We belieVfli the most important elements of the program are the questions and the activi- 
ties since thes^ involve the audience in active learning. If you must shorten your preSerrtation, 
, we recommend that you borrow time from the narration, 
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1. 

2. 
3.« 
4. 
5. 

6- 
7. 

8. 
9.- 
10. 



The following checklist is suggested as a guide in preparing for each presentation: 
Latitude: Homrf. 

Precession: Current.' ' 



Time: About 9:00 p.m. 



Set sun for today's date. / 
Turn off sun, moon, planets, NESW lights, 
Cheqk constellation outline alignments. • - . 
Set slide projector on first slide. • 
turn on dayligrit, stars and music., 
Be sure to ^ve a current star map on hftnd.for each member of the audience. 
Check operlion of battery-operated light pointer. 
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INTRODUCTION 
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. Gradually turn ddm daylight and music (Stars will, appear.)^ 
Welcome. My na(ne is -— n./-.. a<»d I would like t(r welcome you to the 
hanefarium. Jpday, you can le^rn how \q use a star map to/ find the constellations aYid some of ' 
the Jbrightest stars. ■ ; i . - ; ^ Vv* 

The stars which you see Jjow are , just a^ they ^will appear tonight from our area around ; 
nine or ten p;m., if the sky is clear. 'Let's see tf you can find one constellation without any help 
from tpe! LOOK AROUND THE PLANETARIUM SKY .AND SEE IF YOU CAN FIND A 
GROUP OF STARS THAT LOOKS LIKE A BIG DIPPER. HOLD UP YOUR HAND" WHEN 
YOUFlNDlt. V • ' ' 

Wait until most of the participants indicate that they have /bund it, then give one pefSorT'tiK^l 
pointer to show everyone else the location. Ask hi>n or her to slowly point out the "handl^- oflhe *Big ; 
Dipper a0 the-" part that holds the soup." If ypufi person found." anothei'l difiper shape; bf positive. * 
Note that there are many "dipj^r-^ke shapes, all good, but we want the most famijiar one f The^ ask 
for another dipper shape to b^^^ / ' ' ' ■ ' ■ .V. . / 

■ tvery civilization, a)l overjh| earth,' has naihes and stories ab'6ut' the stai^v . Uslufi^^^^ • 
these storids are about a group or-^'conSteliation" qf sta'rs that seem lb .jftj.rjm a pattier^; bt sltap.e- 
in 'the.sky'. People who iivecliat different. times,.itt different places,<often''ch6se the same groups " 
^of stars asxoristellatiohSj'^bJt fegihed^^^ o"" SC^ds that 

. wete' inriportant in their own culture; . What; we. c^il the' Big Dipper, for"" instance, was called Ursa 
Mjuor, or the Big Bear, by the ancient ' Romans. (Poirrt out parts of bear.*) WHY DO YOU 
THINK THAT PEOPLE LIKSKHE ROMANS, WHO LIVJED THOUSANDS OF YEARS ■ 
AGO, MADE fiP NAMES AND STORllgS ABOUT TFJE STi^^^^^ 

Accept all (kswers equally, thenjist the participants' idea^^^^^ . . \ \ 

One . of the reaspns »for identifying constellations * is still important today-;-finding direc- 
tions. Sajlprs, ftyers, and even astronauts tell directions by the stars.,, If you are lost in the 

'woods, but you know that there fs a city to the South, you can, use the Jig Dipper 'ttxJind 
Polaris, the North Star. Since Polaris is always In the direction of North, we can use it ds a - 
compass in the dark. DOES J^NYQNE KNOW A GOOD WAY TO FIND POLARIS? Wsually 
someone does. - In any event, use your pointer to ihow the pointer stars, Polark, and the fiorthern ' 
horizon and the other direction.) In fact, Polaris irjdicates North with^niofe accuFacy than a simr 

. pie magnetic compass. rfMrrt ortA^^SW^ I 

Astronomers today use constellations as. convenient direction markei;9't6 help natne and 
locate interestirnj objects, like "the galaxy .ift Andfonieda." Welhall use coifetellations th|$^ay 
in today-s program, ■ ; „[ . ' , V> • 



• . . ■ . ... . . . ■ . ..| ■ -■ 

' MAKING UP COjSSTELLATIONS 

THIS SECTION IS OPTIONAL. IT Ys]$SPECIALLYtUSEFVL FOft EL^MENTARY^ [ 
SCHOOL CHIUDR^N. ' j| ' * • 

<r TAKE A LOOK AROUND THE SKY AND SEE IF YOU.CAN fInD A GROUP^OF 
STARS THAT LOOKS LU^E SOME KIND 0F ANIMAL, PERSON, OR THING. RAISE 
YOUR HAND IF YOU HAVE AN IDEA THAT YOU WANT TO TELL US ABOUT. 

" (Allow three or foUr students to point out their constellations and describe them to the group-try 
10 help everyone see what theinyentor of the consitellptl&n sees.y •> .v^- 

If you had lived thousands of years agoj you might h^ve spent time making up coristella- ^ 
' tlons like thls> just as you sp 



SKY MAP ACTIVITY / . , 

turn up orange seat lights (or dayllght)\ . 

Pass out one map to each partlcl/hnt. ^ ^^we pi'anetarlumsjt may be more convenient tQ 
ha^e done this ftsf^ople entered. Introduce the activity as follows: \l 

These are maps of the sky which we Will use to identify sdjne of the m^or constellations 
that dftn easily be seen this monttf. After you have some experience using these- maps right 
here in the planetarium, your map will be yours to take honie so that yOu can identify coristella- 
tjlons,frt)m your Qwn backyard. ' ' ^. ' ■ ■ ' \ - 

•(Afte> maps have been pass^ut, continue.) . • 

A These maps represeat the sky for — and — mqnths aroiind nine and ten p.m. 

The whole sky is compressed on these charts to fit within a circle. If you hold the OMp over 
your head, and turn the Words "Northern Horizon" to the direction of Noi;th, the map will show 
you how the stars in the sky look. The dots on the map represent stars-the bigger the dpt, the 
brighter the Star will be! Only the brightest 50 or so stars are marked' on the map. . 

WHAT DO VOU THINK THE BIG CIRCLE ON THE MAP REPRESENTS? The.big 
cijcle on the maps isMntended to represent the "horizpn"--where the sky seems 4o meet the 
eiarth, and what you see when you look straight out horizoiitally. (Point oitt, IndlcaHng the plane- 
tarium horizon.) If a star on the map' is near the words "Northern Horizon," it will be in the 
northern part of the real sky. (Point out.) If the star on the mapjs near the . W9i^ "Eastern 
Horizon," it will be in the eastern part of the sky. (Point otit.) ■ ' . * 

The closer to the center of the map a star is, the higher in the sky it will be.'- W»ERE 
WOULP THE VERY CENTEI^OF fHE MAP BE IN OUR SKY? A star at the very center of 
the map would be (jfrectly overhead in the sky (the point directly overhead is called the "zen- 
ith"), ;' ^' .. ■ ■ • ■ • ■ ; ■ ^" . ■ 

> As an exaiiiple, let's see how to use the map to find the Little Dipper, called by its 
Roman name, Ursa Minor. WHEN YOU.FIND URSA MfittOR ON THE MAP, RAISE YOUR 
HAND. IF YOU HAVE-TROUBLE, ASK YOUR NEIGHBbR FOR HELP. 

. . \Vhe(i. the visltdrs Indicate they-have found It, goon. 

WHAT DIRECTION SHOULD YOU FACE TO FlhfD IT? : 
> /''Nortff (or a little ea^t or mst of North, depending on the time of year.) 

IS URSA MINOR NEAR THE HORIZON OR HIGH UP IN THE SKY? ^ 
(Make sur£ that everyone agrees b^ore going on.) 
V Now watch me as I use the map to find Ursa Minor in^the sky. Onthe*map» Ursa Minor 
is closest to the "Northern Horizon," so I know I should face North and hold the map over me. 
with the words "Northern Horizon" forward; Wheivl look at the sky, about this high, I shoifll 
see the same pattern of stars that appears on theJ^iap, and there it is! (Point out.) If I were 
looking for a corrstellation in the South, I would have turned myself tp facd South, so that, the 
' wprds "Sputhern Hprizpn" were in fr$nt pf me, and Ippked thafr^ay . .(Demonstrate.) 
Remember, when using your map: 
1) First Ipcate the jcdnstellation pn the mnp. 

- 2) Detecjjjine what direction you must face. " ■ „ 

3) Dpcide if the cpnstellatipn is high in the^ky pr near the horizpn. 

4) Hbld therhap over ypu ahd 'cpmpare the map withth^s^arsyOu seeln the sky. 
It will be easier-tplpcate' the brightest Star|inypur cpnst0flatipn first. . 

'.Assign groups to locate constellations. Be certain mh group can see Its constellation from their own 

- position In the planetarium.. Encourage the group members to help each other, to stdnd up andlnove 
around If they need to, and to use the- hand ^imrs to help discuss which stars are which. 

^' : ■■ ■ ..' ■ . • ■ ■ ■ . . ■ . ' ^. . 



■ » 



1Z$ 

* 1 



Leave reading lights oo continuously. Fully dark skies are too^JUlf of stars, and all iheconsteh ' 
ldf(Ons on these mapscan befound in a'Uight-poM^ ' * • 

S Offer to help Individual groups one at a time, but don't rush them. Don't point out stars for 
anyofje, but talk through the procedure for usini the star 'map step-by-step for their constellations uniil 
they looking in the correct direction. If sortie groups finish quickly, ask them to find neighboring 
constellations In the sky. Check to see that all groups have found (heir constellations before going on. 




Is everybody ready? Let me pass around a flashliglit*pointer so that one member of each 
group can, show us w[iich stars in the sky you think make up your constellation. Let's begin 
with the constellation-----—-"-ra/7/7ro/?r/^^^^ 

Have one person in eoc}i group name the constellation his or her group has beeti assigned, and 
then asfc eyfiryone to find that one on their maps, and to approximate what part of the sky it should 
be in, Thekhave the samel person point out where they decided the constellation was, star 'by 
star. If they niis-identify it, be -positive and encouMging, pointing out how close Jhe resemblance is, 

and ask them (or others) to try again, 

. ■ • ... 

OPTIONAL - 

As eacti constellation is identified, you may wish to; 

1) Project an outline of the qiythological figure, and present 9 brief summary of the mythology. 

2) Show* a slide of an intere&ting object (nebula, cluster, double star, galaxy, etc.) that appears 
in the constellatioti. If possible, show a slide of the binocular appearance, as well as one of the 
appearance i(i a litrge telescope. ^ 

3) Point out the location of the interesting object in the constellation, and invite the visitors to 
mark that position on their maps, and lodk for the object themselves, using binoculars, the next 
timeuhey are but under dark skies. Mention that these objects are not physically "in'' the con- 
stellations^ but may be very far beyond the stars we can see (like the Andromeda galaxy). 'The 
stars of the constellations mer^ely provide convenient direction markers, or frames. " 

Constellation outlines are a useful way to introduce a brief narrative on the mythological 
origin of each colistellation. } ^ 



, : ^ ' MOTION OF THE STARS ; 

\'In Spring and Summer, , when Ihe Dipperis already overhead, ady.ance diurnal motion only until 
the Dlt^ris aligned with the constellation outlines you have prepared, then go directly to " Versions of 
the Big Dipper" Next return to this section, followed by the "Conclusion" In Winter and Fall, follow 
the normal order: "Motlpn of the Stars," followed by " Versions of the Big Dipper," followed by the 
"Conclusion" If you present the DlQper first, make appropriate minor changes in the following para- 
graphs. ^ ■ _ 

So have found each of the iruyor cotistelFatlons in tonight's sky. IF WE KEPT 
WATCHING TONIGHT, WOULD THE STARS REMAIN LIKE THIS? WHAT WOULD 
HAPPEN? WHY? (Accept ideas from the audience, nmpli^ing and correcting as necessary, in a 
positive fashion.) So we can judge that the earth is turning on its axis. Let's go through the 
entire night, speeded up so that we will conie to tomorrow morning in ju^t three minutes. 
Please keep track of your constellation to see what happens to it during the course of the night. 
V ALSO, PLEASE WATCH THIS STAR, WHICH WE SAID WAS POLARIS. yVHAT IS SPE- 
CIAL ABOUT ITS BEHAVIOR? ' V • 

Fade in music, gMdually dim orange lights (or daylight), and begin diurnal motion. In Fall and 
Winter, stop when the "Dipper" is. aligned with your constellation outline for the following section ((/ 
used). , - , „ 

It is now about two a.m. CAN YOU STILL SEE YOUR CONSTEtLATION?^ WHAT 
HAS HAPPEjijm TO IT? . ' v * ^ 

WHAT HASmPPEjmD TO THE BIG DIPPER? . 

WHAT HAS HAPPENED TO POLARIS, THE NORTH STAR? » . 

Allow time for resp^ses and discussion afier each question. Encourage general observations 
such as "stars seem to rise and set like the sun," or "the North Sjar always stays still." 



I 



VERSIONS OF THE BIG DIPPER (pPTION AL) > 

; Turn on diurnal trjotion until "Pippet'' mark on projector equator is reached 

Now, to me, the Big Dipper is just that, a big dipper; and indeed, to some peoplejn 
southern France, this group of stars was the Casserole, or sauce pani _ 





; • ■ * .' 

^ ' 1) CASSEROLE OVTUNE 



V . ■ ■ . • 
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But to the Romans, the Dipper was just part of a lat'ger constellation, Ursa Ml^or, which 
means the great bear. TRY TO IMACllNE A BEAR. WHERE IS HIS NOSE; WHERE ARE 
HIS LEGS? Ye/cJ V ■} 



2) BEAR OUTLINE 




^ Tell the story (page 126) in one minute or less. For example: '' Once the king of the gods, 
Jupiter, fell in love with CaHisto, a beauti/UI young girl But Juno, the queen of the gods, was very 
Jealous, so she turned poor Callisto into a bear. Jupiter felt sorry for Callisto^o to protect ^her from ^ 
hunters, he placed her up in the sky where we can see her every night if wg look** 

To many Native American tribes, the Dipper was also a J)ear, It is remarkable that many 
cultures, so very far apart, came up with the same unlikely image for these' stars. But the 
Native Americans did not draw their bear exactly this same way. Many of you have seen bears 
in the zoo. WHAT IS WRONG WITH THIS ROMAN VERSION OF THE BEAR? (Accept 
ideas from audience.) So we can see that what^s wrong with this bear is its long tail. 

If you have lots of time, take another minute to lell the story of the oaff tree (page 126). 

To the early people in England, the Dipper was neither a dipper nor a bear, but was a 
plough, drawn by oxen.' WHY DO YOU THINK THEY THOUGHT OF THIS CONSTELLA- 
TION, WHICH IS HIGH IN THE SKY LIKE THIS^IN THE SPRINGTIME, AS A PLOUGH? ^ ^ 



3} PLOUGH OUTLINE 



ERIC 



..4 H 
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Responses might Include " it Is4lme to plant,'' " // f^oes round and round like a farmer ploughing 
hlsfteld," etc. Accept all answers. ' ■ / 

Finally, I'd li^e td tell you one Aist story that )k a favofite. of mine. It is a Native Ameri- 
can story, one from the Wasco Indians' of the' Paciflc NorthSvest, the area we call Oregon and 
Washington. ^ 

Tell the story of the five wo(f brothers (page 1^6). It would be especially appropriate to use a 
story from Native American culture ctf your own planetarium's region. 



4) iVOLF BROTHERS 



AND BEAR OUTLINE 




/ 



There is no "best" or "correct" story, of course.. I hope each of you will make up your own 
story about the Big Dipper and the other constellations. Stars belong to everyone, so your own 
imagination is just as valid as the ancient Romans' or anyone else's. 



. CONCLUSION 

Now we'll speed up the mption of the earth again and v/s^ch what happens. ' 

Gradually fade In muslt, turn on sun, and begin diurnal motion. After ten or fifteen seconds, 
gradually turn on red sunrise: As sm disfc appears on horizon, slowly turn on daylight and fade out 
music. - ' . ■ - y ' ■ ' 

It is now eight o'clock in the morning--time for school and work. Please take your star 
map with you so you can locate the comtellations itrthe real sky on the next dear night. 
Thank you for visiting with us in the plar^arium. Hapfr star hunting! 



VERSIONS OF THE BIG piPPBJR 
Reccdniiiended Sky Mythology Source Books | 

Richard H. A\\en, Star^kmes,Jh^ 

Ella Clark, Indidn Legeim of the Pacific Northwest; 1953, University of California Press. 
Edith Hamilton* Mj'r/jo/o0r, 1971, New Anierican Library. ^ 

Julius D.W. Staal, Patterns in the Sky, 1972, Econi-Co Press (available from Fernbatik Science 
Center, 156 Heaton Park Drive, N.E., Atlanta, Georgia 30307.) 

• ' ' .»■..■ ■ 

The first two versions below are based on Staal, andlhe third is based on Clark. ' 

The'Roman tVersioq: The Great Bear * ' 

Jupiter, the Kfng of the gods, often fell in love with mortal wornen of earth. So his wife 
Juno was often jealous. When Juno iFound out that Jupiter Was favoring i young maiden named 
Callisto,^4uho got so furious that she changed Callisto into a big shajgy bear. Years later, 
Callisto-*?son Areas was hunting in the forest when his mother^ now. in the form of a bear,'saw . 
him. She got so excited, she forgot she was a bear and she rushed forward to embrace him. Of 
course. Areas did not recognize his mother and he leveled an arrow in his bow to kill her. In 
the last instant, Jupiter intervened by changing Areas into a bear as "well, and then grasping 
both Callisto and Areas by their tails, flung them into the sky-where Callisto is now the Great 
Bear and Areas the Littl| Bear. 

Juno, still not satisfied with her revenge, persuaded Poseidon to forbid the two bears from 
cooling their feet in the waters of the oceans. This is why Ursa M^jor and Ursa Minor never 
sink below the horizon. . 

■■ ■ ; J " ■ ■ • ■ ; . . ■ 

Native American Version: The Bear in the Oak Tree Forest 

Long ago jthere was a great oak forest that was enchanted and magical, because every 
flight at midnight the trees in this forest would move around and visit each other. One day a 
bear wanBefed into this forest and got so lost, he couldn't find his way out. He became 
frightened, and when midnight came, he was terrified to find" the trees moving about. The poor 
bear started racing madly all over and bumping into trees right and left. The trees did not 
appreciate this intruder at all and one tree Was so upset that it started chasing the bear. Because 
bears generally are faster than trees, this chase lasted almost till dawn. The tree knew that he 
and all the other trees had to go back to their original places by dawn or the sun would notice 
that they had moved. So the tree, just attwilig,ht, made one last grasp at the bear with its long" 
est branch and" just barely caught the beaTBylhe tail. Then the tree thrust the bear up into they 
sky where We see him now. Now you can \^ imagine why his tail is so long. 

Wasco Indian Version: Th& Five Wolf Brothers 

Once upon a time there werFfive brothers nahied the Wolf brothers who made their liv- 
ing by hunting deijf. Everyi night they would make a camp fire, cook some meat and eat 
together. They shardd their rood with another man named Cpyote (a mythical god-like charac- 
ter).' After eating, the brothers would telax and gaze into the sky in a certain area and Took 
puzzled. One night Obyote asked the oldest brotier, "What areiyou looking at?" The oldest 
brother said, "I won't tell you-- you would think I was foolish." But on later nights Coyote 
questioned the other brothei;sLuntll ^ne night they answered, "We can see two animals moving 
in the ISto' but they are so high u|r we cannot tell what kind of animals they are." Coyote 
replied, "Wouldn't you like to get a closer look at them to see what they are?" To which the ' 
brothers replied, "Oh, yes, but ni^ne can travel into the sky." Said Coyote, "No^pense, it^is 
easy," and proceeded to qoUect three quivers full of arrows. Then he took an arrow and shot it 
straight t6wards the place in the sky where tfl^ brothers said they saw the two animals. The 
arrow went all the way to the sky and stuck there. Then Coyote shot a second arrow so that its 



tip stuck into the end of the first ajrow. By the time Cpyote finished shooting all the arrows, 
which took- all night, there was a string of arrows reaching all the way from the sky to the earth. 
At dawn the flve^brothers and ^oyote began climbing the arrow ladder. The youngest brothers 
■^nt first, and Coyote and the Oldest brother, carrying Jeir little dog, went last. 

After climbing almost all day,' they reached the sky and found that the two animals were 
grizzly b^ars. The oldest brother shouted, "Stay away! They might tear you to pieces." But the 
youoger brothers, who didn't want to appear afraid, crept closer and closer to the bears. The 
other brothers followed behind. Finally, the grizzly bears looked up and noticed the five Wolf 

I brothers, but the bears did not attack, for ti^ had never seen people before, and were eurio\is. 
The bears just stood there looking at the brafhers and the brothers stood very still looking back 
at the bears. » ■ . 

Coyote thought, "What a fynny picture these bears and the Wolf brothers make just stai"- 
ing at one another. I would like for everyone to be able to see this," and he proceeded to climb 
down the arrow ladder, taking out the arrows he went,, leaving the pitture in the sky fof 

. everyone to see. 



Evening Stat^Map for Janua^r^^ * 
9 -10 PM 
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NORTHERN HORIZON ' 

.. ■ . ' ■ #■ ■ ■ 

to use: map: ' " 

Hold this sheet in front of you. Turh the map so the direction 
yoli are facing is oh the bottom. The constellations in t^hesky 
will match the constellations on the map. 



>lt F^anetaritu^,, Lawrence Hdll of silence, Berkeley, CA 947^0 
1978, Regenta of the iJnlveralty of California . 




Evenfng star Map for March - April 



9 - 10 PM 
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' to use map: ; ' • , 

Hold this -she^t In front Of you/ Turn 

you are facing is on the/bottom. Tlie constellations in the sky 

will matchthe constellations pn the map. 
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pl't Planetarium , Law^nce Hiall of Scfence, 
1978, .Regenta of tni University California 
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star Map tor .May - June 
9 - 10 PM 
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^ NORTHERN HOR IZON 

io use map: 

Holdthfstsheet in front of you. Turn the map sothe direction 
you are facing is on th ^bottom. The constellations In tn,^sky 
wiir match thepnstellations on ihe map. 

< ■ ' • • . ■ ' ' ■ ." .. ■■■■■* 

Holt Planatarium , Lln^rence Hall of Science^ Berkeley » CA 94720 
@ 1978> Regents of the Universjtty of California 



Evening star Map fo? July - August 
9 - 10 PM 
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Nb^RTHERN HORIZON 

•■ \ ■ ■■■■■ - , .. ■ v 

to use map: V 

Hold thiSrSheet in frontof Vou. turn the map sotlle direction' / 
you are facing is on the bottom. The constellations sky 
will match the constellations\on the map. 



)lit Planetarium, Lawrence HalV of Science, Berkeley, tk 94720 
1978,'Regentii. -(ffl the Univerbity bfi Cal^Lfotnia | 
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EVbhIng Star (Wap for SeptembeV - October , ' 
9 - 10 PM • 
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NORTHERN HORIZON 



•to use map: 



Hold this sheet jn front of you. Turrrthe^ap^so the direction 
yo^iare facing lis on the bottom. The constellations in the 5l<y 
wlfl match the constellations on the map.^ 



ft Planetarlua , Lawranca Hall of Sciatica, Beykel^y, CA 94720 
1978, Ragles of tha Univaralty of California 
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Evening Star Map for November -.December 
9 - 10 PM- 



Na3Hinos 



m 

CO 

■H 

m 



O 

N 
O 



133 




NORTHERN HORIZON 



to use map: 



Hold this sheet in front of you. Turn the map^o thedlfedion 
you are facing is on tlie bottom. The'constellations in theisky 
will match the constellations on the map. 
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Planetatjiuni , Lawrarica Hall of Iclance, Berkeley, CA 94720 
*78, Regents of the University of California . 



(Hando : Dlscover More About 



• .• -STAR MAPS ' 

Star Paths-Star and Planet Chart, Edmund Scientific Company, BarrWon, New Jersey. An 
inexpensive atyustabie star wheel that can be set to show how.the slcy a^peftrs at any time. < , . 
SIq^ Chfiilenger, a miqui set of Six interchangeable star ?vheejs, provides many activities in star 
gazing, including "Binocular Treasui-e Hunt," "Native AmelriCan Constellations," and "Test Your" 
lEyes/Test Your Skies." Discovery Corner," Lawrence Hall of Science, Berkeley, California 

94720.-..- ■ *■ ■.: . ■ ■ : : •; 

Arthurf^CjI^orton, Norton's Star Atlas, Sky Publishing Company, Cambridge, Massachusetts 
(new edition every few years). A set of detailed star charts and goodi lists of interesting objects 
for telescope observing (star clusters, nebulae, galaxies, double stars, etc.) ; - : 

R.M.S. Inglis, A Popular Star AtlaSy Gall and Inglis, London,-\1972. A much^gfter and less 
expensive version of Norton's atlas. * 

CURRENT PHENOMENA ' / 

Astronomy is a beautiful, colorful magazine de^^oted to astronomy. It's^ not for those seeking 
technical information or treatments of the more difficult concepts. Astro Media Corp., 411 E. 
Mason Street, 6th Floor, Milwaukee, )Visconsin 53202. 

Sky M Telescope is Sot those niore technically inclined. Very good for people whor want to 
build their own telescopes, or gb beyond casual star, gazing. Fine photo-essays on observa- 
tories, professional and amateur. I Sky Publishintt/:orporation, 49-50-51 Bay State Road, Cam^ 
bridge, Massachusetts 02138. \ M ' ' ' ■ ' 

Sl^Calendar, by Robert C. yictor) Abrams Planfeterium, Michigan State University, E. Lans- 
iijf Nlchigan 48523. This monthly cialendar givesV day-to-day guide to interesting events in 
■ the sky. . . ^ ■ ■ ■ ' ' ^ ) 

. MYTHOLOQY. 

Julius D.W. StatA, -Patterns In the Sky, Econi-Cp Press,\tlanta, 1972, An excellent compilation 
of the Greek and Roman myths, this book is available' frojn Fern^k Science Center, 156 Hea- 
ton Park Drive, N.E., AtlaMa^Georgia 30307. 

Ellas Clark, Indian Legends of (jie Pacific Northwest, Universif^VQj;^ California P/ess, Berkeley, 
CalifqiOii< 1953. Antierican Indian Stories about the star patterns that we call Orion, Cassiopeia, 
the Seven Sisters, the%ig Dipper, aild others. * 

Rifchvd H. Allen, Star Names: Their Lore and Their Meaning, Dover Publications, Inc., New 
York, New York, 1963. This book has-the origin of star names and constellations from various 
cultures. 

Look in library card catalogues and you will find many titles that start out Myths and Legends 
.o/.i on almost every culture! . ' v ' • 



William K. Holt Planetarium,. Lawrence Hall of Science 
Universlty of Califoriiia, Berkeleyi QA 94720 
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A Cktssroom Activity t6 Supplement . 
"Coiftellations Tonigfet'' Planetarium Program 
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AVilliam K. Holt Planeiarlu^n, Lawrence HalLof Science 
" yiiiversity of CallfbrnlavBerkeley CA 94720 



GREATING CONSTELLATIONS 

X Classroom Activity to Supplement 
"Constellations Tonight" Planetarium Program 



\ 

- This science activity is designed for students in grades three through eight. It can be presented 
by teachers with no special preparation in science. CREA TING CONSTELLA TIONS is keyed to 
^ some of the concepts in the planetarium program, Constellations Tonight,'' so it will probably be most ^ 
^ecfiv^ if presented Just before or just visiting the planetarium. Each teacher may wish to adapt 
theianguage.andpa(;eof the activity to his xtr her particular class, 

: ■' ^- ■, I Objectives . 

This activity involves the stage of scientific thinking in which many different ideas, or 

hypotheses, are generated. It focuses on the type of problem^ that have many equally good 
" solutions (like naming a new animal) in contrbt to problems that have on)y one right answer 

(likp finding the North Star). After the lesson, the students will be able to: ° 

1) Reeofenize that several different ideas may be equally good solutions to the same problem.. 

2) Recognize when they need to "break set"--that is, to find a new approach to the problem. ^ 
(Set breaking can be thought of as "getting out of a mental rut.") . 

3) Recognize that the constellations which they invent can be just as useful as. the ancient, 
Greek and Roman constellations. 

Before the Class 

1) Duplicate one copy of the Circle Puzzle, Dots Puzjle, and Create a Constellation for each 
, student. Prepare large sheets of pap^r and crayons. , 

2) Have board space and tape ready to display the students'' work. 

3) On a different section of the blackboard draw three or four circles, about 18-20 inches in 
diameter. ' • ' *" 

"' ,. \ ' . .. ■ ' ■' \ ' . 

. * ^ William K. Holt Planetarium, Lawrence Hall of Science 

University of California, Berkeley, CA 94720 , 
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Part A. Circle Puzzle 




Here is' a puzzle that has many equalljygood answers,^ Please follow the directions on the. 
worksheet. Don't forget to make each circre into a DIFFERESiT picture, and to NAME what 
each picture shows. ^ ' 

Hand out the Circle PUzzle. \Read the directions with the students (f necessary. Then allow 
about fen minutes for them to work. 

Who would like to come to the board to show one of their ideas? , 

Three or four students draw in the prepared circles on the blackboard. 

Share your papers with your neighbors to see how many different ideas you can county 
How many did you And? How many different possibilities do you think there ar^? 

How many of you thought of a few dilTerent ideas for the circles, and then just couldn't 
think of any more? What are some differeht'things vou could try at that point, to think of a 
different idea? f ^ 

Let the students share strategies for generating new ideas that THE%Jind use^l Examples of 
strategies are: to look around the room for round objects, to imagine my room at home, to share mas 
with sofneone else, and so on. - 

■ ■■■■ "-^ y 

Part B/ Dots Puzzle*^ 

Directions for this last puzzle are very similar to the Circle Puzzle, Only thi^^time you 
have to invent and name just four pictures. 

HaM out one cppyofDots to each student Give them about five minutes to work 

Now compare your drawings with your neighbors* drawings, Did any of you have the 
same iciba? How many different idj^as can you cOuntZ 

Let the students' discuss their ideas with their neighbors for a minute or two. Then, hand out 
the last sheet, entitled Create A Constellation*'' 

On this sheet you will probably recpg;nize the same pattern of dots that you saw in the 
Dots Puzzle. Jhis is actually a pattern of stars visible in the sky. n^ricient Greek astronomers, 
who lived about 2000 years .ago, saw the Queen of Ethiopia, cdled Cassiopeia (pronounce: 
Kasid- PEE -ah) in this pattern of stars. 

Cassiopeia is an especially easy constellation to find just about any time of ^^^^ 

A picture and name that ANYONE imagines when he or she looks at a pattern of stars is 
called a 'Constellation.*' In the box at the bottom of the page, draw the idea which YOU, like 
best and name it. This is YOUR OWN CONSTELLATION which you can find in the night 
sky. When , you are working by J^ourself, your own constellation ijpventiojoi is just as useful, 
perhaps evefTbetter, than the "classic" ones. ■ , ■ 

Would it sometimes be better for us all to agree on a single const^atipn foF everybody to 

use? How would that be useful? ^ 

... ■ , .■ . ■ ■ I ' .■' 

Possible answers to this question might be: ^To tell someone else where to find certain stars, or 
directions in the sky!^/ 



^ The activities de8crit>ed in Part B have been adapted from ''An Introduction to Conitellation Study (or Isn't 
that Big Bird in the Sky?)** by Gerald L. Mallon, Areola Junior High School, Esigleville Road, Norrlstowfl, 
Pennsylvania I940L Published in Science and Children, November/December 1976, ^Um^ No. 3, pp. 
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CIRCLE PUZZLE 



Make each circle Into a picture ^of something and write a name for what you draw under- ^ 
neath. The first two circles are completed as'examples. Notice that each one is DIFFERENT ^ 
and each one has a name. : ' 



■ i, 






( 
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DOTS PUZZLE 



These six pictures all show the same pattern of dots. In thfe first two pictures, people 
have drawn something which4he dots make them think of, They labeled their pictures with a 
name that tells what the drawing is supposed to be, INVENT FOUR COMPLETELY DIF- 
TEkENllfTHINGS BASED ON THE SAME PATTERN OF DOTS. 

Draw your idess in the last four boxes and label each one to tell what it is supposed to be 
a picture of. 
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^ : CREATE A GONSTELLATlONf 

The pattern of dots frpmnhe "DQt$ Puzzle" is really a pattern of stars that you can find in 
the sky. The Ancient Greek^saw this pattern as ajseautifiil queen, Cassiopeia, sitting on ai 
throne. • * 

T 




The Queen Cassiopeia Sitting On. Her Throne 



In this box, create your own constellation for the same pattern of stars. 



I 
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F<^w-Up Activities 

1) Have the stuaeilts invent myths which tell the story of their constellations. This activity 
might be preceded by halving them read ancient Greek, Roman, or Native American star myths 
which appear in many anthblogies f 01^. children ^ 

2) Have the stotients draw or paint more detailed pictures of the constellation figures they have 
created to illustrate their stories. Instruct them to show where the stars appear in the pictures. 

3) Sheldon Scnafer of the Lakeview Museum in Peoria, Illinois recommends the following 
< activity, best dbne just after the circle puzzle, to demonstrate the value of using jfonstellation 
^figures. " j ' ' ■ ■ ' ■ ^ ' ■ 

a) Draw k rtindom assortment of dots on the board. , ( * 

b) Ask the students to memorizie the arrangement. Allow a rninute w two. No notes 
should b(5 taken. ; ,1 

(^^over the dots with paper. 

d) Ask for a volunteer to reereate the pattern on the board or have all students do so on a 
piece of paper. 

e) Compare the results with the original. 

f) Draw i new pattern of dots pry he board^ this time connected into some kind of figure. 

g) kepeai steps b-f. ' \ 

h) Compire the results of the first trial wittt.those of the second. Usually there will be an 
easily noticeable diff*erence between the two. 

4) The quiz ort pages 153-155 may be used As an Activity, and may also tell you something 
about how well ydur students understand the concept^ in this program, either before or after 
they have experienced the program. Please note that some questions refer to "Creating Con- 
stellations," while others refer to "Using A Star Map'' or CONSTELLATIONS TONipHT. You 
should revise this test as needed to fit your particular classr^^ | 

■ ■ r" : . ■ : • : ' . A . •■ i .; ■ - ■ • 



A Classroom Activity to Supplement 
I Constellations Tonight" Planetarium Program 



Jl Wiliiam K. Holt Pianetarium, Lawrence Hail of ^ience^ 
l^n^ersity of California, B^keley, CA ?4720 
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USING STAR MAPS ^ 

A Classroom Activity to Supplement ; 

. *. ■ . .... ^ • . • ^ 

"Constellations Tonight" . Planetarium Program 



{ 



This science activity is designed for students {n grades fi^ through eight. It can pe presented by 
teachers with no special preparation in science. USING STAR MAPS is keyed to some of the con- 
cepts In the planetarium program, ''Constellations Tonight,'' so it will probably be most effi^ctive if 
presented just before or c^kr visiting the planetarlunti^ach teacher may wish tp adapt the l(fngt^dge 
and pace of the activity to his orfl^ particular class. - ^ ' . 

~" Objectives \ 

. The primary objective of this activity is to increase the students' abilities to use maps. 
Following the lesson, the students will be able to: 

1) Use "direction" artd "distance", to find locations in the classroom. / 

2) Draw k map of the classroom. . 

3) Use a star map to locate the positions of constellations in the sky by noting the dii^^ction and 
distance from the zenith (point overhead). 

4) Use a star map to visualize the-orientation of constellations in the sky. 

Before the Lesson 

1) Gather the following materials for each student: a pencil, and one copy of Worksheet^#l, 
#2, and #3. (If necessary, make a hew version of sheet #1 to match the shape of your roolgi.) 
Assemble 'for, the class: one large poster of a Star Map withil cardbpai-d "Star Window," 
poster is av^lable from the Lawrenfce Hall of Science. See page 97 . This write-up; us 
September-Oqtober skies, and^sftows the poster for Septemjier-October evening sky only. Star^ 
maps are available from many sources for alLseasons. You may wish to draw your own poster 
and make other changes appropriate for other seasons. 

2) Label the four walls of your classroom with paper signs marked with the four primary comr 
pass directions. These heed not correspond to the actual compass directions. However, a per- 
son facing "North" should be ablfe to see ilEast" to the right, ■"West" to the left, and "South" to 
the rear. 

3) As an example of how to draw a map of the classroom, draw a recta^^le on the blackboard, 
and label the four directioijs (as on sheet #1). Draw in the teacher*s desk orjsom^ other prom- 
inent object so the students can see how. to proceed. 



IS 



Part A. The Directions Game 



I 



We will begifl todajy 
four signs on the Walls 



;'s lesson about Star Maps by playjng the Directionis Game. Notice the 
that-ifldicate the primary compass directipps: North, South, East, and 




William k\Holt PIanetariui|l, Lawrence Hall of Science 
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West. What direction would -I look to see Northeast Southeast? 

' i Point to the four direction markers. Question the students to see if they understand tf^ astern 
of cQmpass directions. . ^ 

Now Anfe are ready to play. Who will be our first volunteer? Ojjay, Jennifer, please stand 
in khe center of the classroom and face AWAY from the blackboard. I will write the name of 
some object in our classroomi sp that everyone but Jennifer wi|l know what I have in mifld. 

; I Write the name ofan object that is within Jennifer's line of sight-say ^eorge's D^esk'r-on the 
blackboard. Let everyone read it, then erase it. 

Now I would like someone to give directions to Jennifer so she can find thi& object, just by 
looking around, do trfis-by giving the DIRECTION she should turn, and HOW FAR she must ^ 
look. For example/you might say, "Look Northeast, about half-way to the wall." Who wants 
to give Jennifer directions first? 

If Jennifer fails to find the object on the first try, i^courage the students to give clues, but not to 
name the object. Let the students Use whatever strategies they can think of (like giving the size, 
shape, or color of the object.) / 

Good! Now that Jennifer has found the object, who would likeito try the next one? 



Part B. Treasure Map of the Classroom 

On the blackboard I have started^ to draw & map of our classroom. Notice that (I have 
labeled the foiir primary directions and I have drawn the location of my desk. 

Point to the ejcample on the blackboard. ^ 
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$aw this map, how would he or 
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If a strainger who has- never before been to our classrooi 
she use4t to ftnclimy desk? ' _ 

Ifihe students ate not able to tranter learning from the"hirectlons Game,'' help thm by draw- 
. ing an af row from the center of the map to the location of the desk, and ask what the stranger would 
tlo if He dr she stood In the center of the rooM. . ■■/^ -.^ / . 

Now tijat you understand ho^ to use direction and distance to locate things on a map, I 
want you to complete the map of our classroom. On this paper, stjiow all of the thingsi that rest 
on the floor-chairs, tables, desks, and anything else you think is important. Make sure the 
directions on your maps correspond tip the directions in the classroofti, and that the distances 
are, about right. 
f Hand.out Sheet ^1. 

Help students as they request it. A llow_ theni to look at each others ' papers to get ideas and to 
criticize. , 
' : When you are finishecl, plant a "treasure" somewhere in the room, and mark ,the«spQt with 
; an "X" on your map. Exchange treasure maps with dhe other person to see if you can find each, 
. others' treasures. ' . 

The same exercise can be don? with older students using the entire schoolgrounds rathe^than . 
i^)ust the classroom. 
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i ' Part e. Reading Star Maps 

' ' * . ■ • ■ ' ■ . 

■ •■ - » ■ ■ ■ ■ 

This star map shows how the stirs will appear tonight at about 9 or -10' o'clock. The 
center of the circle shows the point directly Overhead, called the "Zetii th." The rim of the circle 
shows the "horizon," which is what we 6all the line where the sky meets the earth. 

Let students inspect the star mtip on . Sheet #2. 

I would like another volunteer to stand in the center of the room. S^m volunteers and 
^takes his position. | % 

Pretend the walls and ceiling of our classroom is the sky. 'Where would^ou look, Sam, to 
see the zenith? How about the Northern Horizon? The Southwestern Horizon? 
• . (fSam has difficulty, other students can ^elp. Thank Sam and ask him to be seated. / 

Now tocate'Orion on your maps. What diflBction is Orion in? How far between the zenith 
and i he horizon is Orion? Who would like to take our volunteer's place and show us where 
Orioh would appear in the sky? ^ 

» 'Do this with several constellations, having students answer by taking the' position in the center o^ 
the'room pnd indicating where on the walls or ceiling the constellkion would appear. Then, handout 
Sheets. * ^ ■ 

When you use these maps to find constellations in the real sky, y^u must turA them 
around sd the direction^ou are lOoking in is at the BOTTOM. Do this for trfe Northern Horr 
izon. Notice on ^heet #3 how the Northern Horizon stars would appear in the sky. Check the 
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next tw^ #Vindowi" to see how you have to turn thp map to see stars overhead and in the 
Southwest Any questions? * * . 

Illustrate the fyst, two pictures on Sheet 4 3 by using the Star Map poster and ''sky window:' 
Turn the poster sq the direction you are mking is down, and place (he ''sky windoW over the part of 
the sl^ specified This operation is illustrated on the bottom of this page. 

f Now try to fill in the stars you would see in the next two boxes on Sheet #3. Then, wcs, 
will use dur'Star >yindow so you can see if you were right. ' ' ^i 
^ While the students are working, draw two boxes on tfk f lijickboard labeled like the next two 
'boxes oh Sheet #3. ^ 

Who \vould like to come to thoAoatd and draw the stars* as they are on your paper? 

After a student comes to the board and tries one of the windows, me the Star Window and 
poster to box in the correct part of the sky. . 

Let's compare this answer with the Star Map. What do ypu think? Is this what you 
would see in the sky 'if you looked in this direction tonight? »| - . 

N9W test yourself by filling in the last two boxes on Sheet #3, 

. Illustrate the last two answers by using the Star Window and poster. 

, Ifiyou understand how the Star Map works» you can go outside tonight and find any of 
these constellations that you wish. Good Li*ck! 
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Sheet #1 Map tif My Classroom 
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In order to get to my own desk from the center of the classroom, in what direction must I 

RO? 



tne walli 



How far towards tne wall must I walk? 
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Sheet #2 Star^fiCp for Seiiterabe^October 
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Sheet #3 S^y.M'indows 
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Zenith (overhead) 



Western Horizon 



Half>way.1)etween Zenith 
and Northern Horizon 
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FollQW-Up Activities 

' , • ■ • -; . /■ ■■ ■ • , / ■;■ ., ■ 

1) Have the students locate the constellations in the sky at night and draw in more stars for 
eacht constellation they caa find, 

2) Have the students draw th? SHAPE and POSITION of the moon on their star maps each 
night for a pfefiod of two weeks, Instruct them to show where the moon is located ip compari- 
son to the stars and constellations. Ask your local planetarium director ivhen/the crescent 
moon will start to appear so the students can begin their observations, ' 

3) Use«lhis unit as an introduction to social studies activities usiag^aps. The Elementary Sch 
ence Study (ESS> Unit on "niapping" provides |»large number of different activities. 

.4) Gerald Mallon of the Methac^Dn School District .Planetarium recommends further activities 
iri Igniting Creative Potential hy ?m(ecl Implode, Bella Vista Elementary School, Salt Lake City, 
Utah, 84121 ; - •• 

5) Jeanne Bishop at the Westlake Public Schools Planetarium recommends additional activities 
in ihe Science Curriculum Improvement Study- iSClS) \itiii "Relative Position and Motion," pub- 
lished by Rand McNaily & Company or American Science and Engineering Company. 

6) The quiz which follows may be used as an activity, and may also tell you something about 
how well your students understand the concepts in this program, either before or after they 
have experienced the program. Please no^e that some questions refec to "Creating* Constella- 
tions," while oftiers refer to "Using a Star Map" ^r CON^ELLATIONS TONIGHT. Yciu 
should revise this test as needed to fit your particular classroom situation. ^ 



Answers to the 
Astronomy Quiz 
CONSTELLATIONS 



l-True, 2-True, 3-TrUe, 4-Oook for two different constellations that make use of the dots), 5- 
D, 6-(depends on "class discussion, but answers might include time-telling, calendars, 
Havigatibn, or just because it was fun), 7- (depends on class discussion, but answers might 
include the same as above, plus_space navigation, locating dieep-spftce objects for telescopes, 
studying the history of stars and ancient cultures), 8-C, 9-(circle touching, nfear the words 
"EASTBftN HORIZON"), 10-(X in the* center of the star map circle), 11 -(line ending at the 
horizon circle near the words "NORTHERN HORIZON." 
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Astronomy Qutr 
^CONSTELl^ATIONS 



Cllrcle the best answer. 



1, Constellations can be used to find directions on Earth. True False 

■ ' ' . ■ . ' . • ' ' ■ ■ . ■ 

True False 



2. If you see a dim star next to alight star, yqq will 
always find it next to the same bright star. 



Don't Know 
Don't 1^0 w 



True False Don't Know 



3., A star map is used to find constellations. 

These three picture^|fcpw the same plattern oT stars. Picture A shpws a constellatipn that was^ 
inventecl a long time^B; • 










t • 


• 


p. 








" ■» . ' ■ ; ■ . ■■ . . " 

4, Invent two different constellations and draw them in Pictures B and C. Label each con- 
stellation with a name that fits your drawing. 

. ■ ■ ■ ■ . . : ^ . 

♦5. Ancient pejople in America, Europe, and China sa\v different constellations in the same 
set of stars /yhy do you think this was so? (Circle the best answer.) 

A) People in different pountries saw different stars. . ^ 

B) In those days people did not have telescopes. 

C) The atmosphere blurred the view of the sky. * 

D) People in different countries saw things impoftant to them. 

E) Tl^ey spoke diflfer^nOanguages. ; V - ^ 



List as mfll^y answers as you can for queltions 6 and 7. 



6. Long ago people probaljly invented Constellations because: 



7, Today conslellatiohs are still useful for: ' 



I 

NozjyoH Ny3Hinos 




NORTHERN HOR IZON 

8. Circle the letter of the picture that shows what you would see if you looked towards the 
Eastern Horizon tonight, according to the above star map. . ■ j| 



ThIsHs a star map 
withouMhe jiarsi 
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NORTIjipRN HORIZON 
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This is a star map, just like on the last page, but without any stars on it. Please mark your 
answers to the following questions directly on the map; 

9. The»moon is just rising on the Eastern Horizon. Show the moon on the map as a little 
. .■ circle. ■ ■ 

. ; ■ ■ >'. ■ .. ■ : ■ •.. . 

10/ Pretend you just saw a UFO (orrflying saucer") just overhead. Draw an "X" on the map 
showing where it would appear in the sky. 
« . 11. Pretend you saw the UFO fiy in a straight line %nd zoom out of sight over the Northern 
, Horizon. Draw a line shoeing tlje path of tl\e UFO. 
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Preface 



Red Planet Marsfas designed fOr public audiences and for school children in grades four 
^and above. With someydaptation, it could be presented to slightly younger groups as well. 
* The purposei of the program is not to tell the visitors all about Mars, but to enable them 
to #ake. their owi discoveries about the red pianist. Through a peries of activities the visitors* 
learti about planets in gene^ral, and about how astronomers investfgate them. . 

,■.•■■■:■);■ ■ ■■■ . 



15 



♦ In the first activity, the visitors- identify Mars as the a^ent Qreek astronomers did, by 
observing its motion from night toTnight as it wanders among the "fi??ed" stars, Next, slides are 
used to sh6w1iow Mars looks through a telescope, As a special eflTect projector simulates the 
changing, distorted view caused by the Earth's atmosphere, the Visitors are invited to sketch a 
map 6f Mars. The visitors' discussion of their own maps provides a jlimping-off u^t fol the 

..instructor to dispuss the Great Canal Debate which astronomers waged during -the Wst-half of 
the twentieth century, 

The sciente of "exbl?iology," still very much alive t^day, provides the rationale for the . 
next activity: inventing a creature vmich might have eyplved on a Mars-like planet. The pro- 
gram concludes with the modern sjwce Scientists' vi^ pf Mars through photographs taken by 
Mariner and Viking, ^ / ^ 

We%^ould be very grateful to hear fropi you about fiow you used this program, what 
modifications you made, what worked well^rid what didn't work well. 

• V ' ■•■ ' '. ■. •■ ■ . ■ ' ' • - • • " ' 

■ ■ - ■■ ' ■ ' ■ ^ - ' ■ ' , ' -. • ■ ■ 

Objectives , 



After attending this program^ the visitors will be able to explain that: 

. * ■, . ' ' * ■ ■ 

li Planets and stars look similar at first'glance with t\)e unaided eye;, . 
Some stars are reddish, as is NJprs; 

Planets can be detected by tioting their motion against the background stars; 

4. Atmospheric interference blurs the view through a telescope; . 

5. Several different observers may report conflicting aspects of a phenomenon poorly 
observed, and yeii all may be reporting useful information; ^ 

6. Exobiologists imagine fofms of life adapted in specific detaij to the planets>other than 
Earth; 

7: . .The *^iking spacecraft have vastly increased our knowledge of Mars, but have not found 
clear signs of life. \ 
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Ho ufi«the copyrighted mateiffals has been obtained for this particular program only,. and no 
f othefflreprpduotibn or Use ha^been authorized; 

• • ... ■". ■ ■/ • . ■ . . . ;. • ^ : - V . - 

Materials 

1) Slides for this program have been assembled from several different sources, listed in the 
acknowledgments. We have obtained permission to reproduce for planetariums those slides not < 
commercially available, but only for use in this program. Copies of all the slides may be 
dbtainecWreffl-us at^st. See page 97 . No other use or reproduction has been authorized. 

2) One Special Effect Device is used in this program, a^^-'Mars-under-ppdr-Weing-conditions" sin-v 
gle. slide projector devised by Sheldon Schafer of Lakeview Center Planetarium, Peoria, Illinois.' • 
This inexpensive device may be easily assembled andi consists of nothing more than a slowly 
rotating transparent plastic disk placed in the projecteq image beam of any slide projector, the 
disk is thinly smeared with vaseline, with some areas (wiped clean to produce moments of clar- 
ity. We use a disk 20 im! In diameter glued to a 2 r. p.m. motor. (Similar mqtors and idisks are 
availablfc from Edmund Scientific Company,^ Barririgt^Efh, New Jersey 08807 fpr under $20- 
motor 60,734-an4^eel 71,242.) We project a sli^e of a drawing of Mars made by Charles 

. Capen, available commercially from the Hansen Plketarium, 15 South State Street, . Salt Lake •. 
City, Utan 84111. The effect is quite accurate, (see diagram) 

3) A Naked-eye Mars Projector is needed for the first activity. It must be Moveable, and simi- 
lar in diameter and hue to othe^ re„d:stars In the planetarium sky. Many pl^rietaHum projectors 
already include a good Mar3 projector that can be adjusted by hand. Hbwevje^, if your^projector, 
like ours, produces planets much greater in diameter than the stars, you qlm use a jingle slide 
projector Instead for Mars. We use a simple black Kodalith slide with a sn^all orahg^ dot which 
projects a star similar .to the other first magnitude stars in the planetarium sky. The single slide 
projector is moved by hand to produce the two or three relative motions that occyr .(during the 

^"dayS") in the progranj^. You'll need tp make your own "dot" slide. 

4) An Activity Sheet for each member of the audience provides space for them to draw their 
version of Mars, and for their extraterrestrial creations. You can devise your own $heet or use 
ours (page 17/4). We also provide a clipboard with attached pencil for eachAarticipant. 

* optional: , ' , 

5) An Opaque Projector allows participants to have their own drawirigs projected onto the(_ 
dome for discussion. We use a $15 opaque projector (a "Brumberger #.290 Project-o-scope" or 

a "Rainbow Crafts Ml 00"), sold in art supply stores. This produces quit^ an adequate image 
two feet in dian)eter in our dome. Edmund Scientific sells better projectorsYor $90 .and up. An 
alternative would be to show slides of dravvings by previous audiences. , 

^ * ■ . ■ ' . ■ 

6) A Battery-operikted Light Pointer. These are available from photographic stores for about 
$10, and may/b© u;sed as is. We modify ours as follows to increase battery life: a) replace the 
slide switch with a momentary contact .oush button; b) add a silicon po>ver diode irt"5eries with^ 
the.batteries to drop'Jhe vpltage; and c) rise rechargeable ni-cad batteries. 
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wjs don't expect tjie scifipt that follows to be memorized (as an actor might memiorizflla 
part) but to be used as a guide in learning, rehearsing, and improving presentations. We 
recommend that you read the script once or twice, then work with it iti the planetarium, prac- 
ticing the projector controls, slides, special effects, and music. Ypu should be able to imagine 
yourself presenting information, asking questions, and respon4ing to participants. For your first 
few pr^entations, you can have the script on hand, using mt^jor headings as reminders of what, 
to do next. ' V ' - 

The script is organized in blocks or sections. The purpose of these separations is only to 
help you learn and remember what comes next! Once you have begun a section, the slides or 
special eflfgcts and your own train of thought wilh keep you on track, When beginrjing a new 
section, make the transition logically and snioothly, V / „. . 

Directions for the instructor are printed in italics^ the instructor's, narrative is printed in 
regular type, and directionsmand questions' to which the audience is expected to respond are 
printed in CAPITAL LETTERS/ There is no point in memorizing narration word-fdf-word 
since what you nee^ to say will depend upon the participants. The language you use and th 
number and kinds of questions you ask will depend on how old the participants are, how willing 

they are to respond, and hpw easily they seem to understand what is going on. ' 

* ' . ' ■ ■ 

We believe the most important elements of the program are the questions arid the activi- 
ties since these involve the audience in active learning. If you must shorten your presentation, 
we recommend thiait you borrow time irom the narration. 



The following checklist is suggested as a guide in preparing for each presentation: 

L,. Latitude: Home. * 

2, Precession: Current. ^ 

3. Diurnal set so Castor & Pollux are 10 degrees above Syestern horizon. 

4, Mars set a few degrees to the left of Reguluis in Leo, 

5. No other planets visible. , | 
6/ S un and M oon off. • 

7, Slide projectors set for Mars show. 

8. NESW lights on. ^ 

9, Activity sheet, clipboard and pencil for each member of the audience. 

10. "Maris-under-poorrseeing-condftions" effect. , ^ 
11., Opaque projector. (Optional) ' ^ ■ ■ . 

12. Battery-operated light pointer. (Optional) 

S 13. Titleand Credit slides on (Slides l and 2). ' > 
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INTRODUCTION 

and I'd lik^ to welcome you to the_ 



My name is and I'd lik^to welcome you to th e PlaneX 

tafium. One of the most exciting things about science is tlje chance to discQver something new. 
. Today, in the planetarium, you will' have the chance to experience for yourself som6 of the 
exciteme;it of discovering new things about the Red Planet Mirs. Mars has been "discovered" 
several tinies: thousands oT years ago, when people first realized that Mars was differeijt from 
the stars; 300 years ago, when people first looked at Mars throfUgh a telescope; and recently we 
got our first close-up look at the-surface of the planet. You Will be able to make each of these 
discoveries yourself, today, in our participatory planetarium program, "The Red Planet Mars." 

It is nbw evening, and as your eyes grow accustomed to the darkness, you will see the sky 
as it .looked durihgf the summer of 1976. We have gone back a bit, because Mars W^asily 
' visible at that time, ^nd as we shall see, the summer of 1976 is When the greatest advance in 
our knowledge about Mars was made. ; 



FIND RED STARS ACTIVITY 



Can w6 discover 'Mars, right now? 

EVERYBODY, PLEASE LOOK All AROUND THE SKY TONIGHT, AND LET'S SEE 
HOW MANY YELLOWI?H-RED POINTS OF LIGHT WE CAN FIND. PLEASE LET ME 
KNOW WHEN YOU HAVE FOUND A YELLOW TO RED POINT OF ^IGHT, SO WE CAN 
POINT IT OUT TO EVEKYBODY . Turn up reading lights partially: whe^^^ 
let them show it with portable pointers. Keep aiking until Mars and two other yellow-red objects are 
found. ' , 

» We now have three candidates-yellow to red points of light that might be Mars, O/ie of 
them has been designated by ^very society on Earth as being special. Mars, we pall it. But 
which one 0^ these isi Mars?. I - ■ '■ 

IS ONE OF THisSE DIFFERENT FROM THE REST?. HOW? Each may have soke 
' unique quality, but we need an overwhelming difference. They ane different through a telescope, but 
the ancients didn't have telescopes and still knew which one was Mars. 



. / 

'/'■. . 



FIND THE PLANET ACTIVITY. 
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, Coi)ld one of these points of light do something different? We have been Watching fqlv 
bany miiiutes now, and We kn6w all the points of light in the sky appear to' turn very slowly 
throughout the night. But thete isn't much happening so. farj and no one star stands out yet. 
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NOW ST 
WITH THE ST| 

j Turnup 
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Maybe we shoMd go ahead several nights to see if anyming has changed. 

Assign eae^li object to a section of the audience to wat^^^ 

DY YOUR OBJECT C AREFU|jl-Y: LOOK AT ITS 'POSITION COMPARED^ 
RS AROUND ITt SO YOU WILL BE ABLE TO TELL IF IT HAS MOVED. 

tylight, turn down stars and pbnets. Advance Mars about 10 degrees East. 

/ 'When the! lights dim |gain, we >yill be four week;s in the future, and see the stars when 
they are back//irt their samef positions. But jidll--aRj{ of our yellow, orange or fed objects be 
'different? ~ jl . */ ^ • f"'' - . ■ ' . . 

/ Turn ua stars an3 planets; turn dovi/n daylight. . " '" ■ 

WHAf HAPPENED TO YOUR POINT OF LIGHT? Go from group^ to group. Nearly 
everybody will say theirs moved a little bit. '* , i • 

WejM most of the objects may have moved a little bit. Maybe we need to go ahead 
another four Weeks. . Watch your star again. .' 

/ * ' ' ' ' ■ A ■ ■ ' t ■ 

rn up daylight, dim stars and planets, advance Mars another 10 degrees, etc. 

(HAT HAPPENED TO YOUR *OINT OF LIGHT NOW, EIGHT WEEKS AFTER WE 
STARRED? Now a few will have decided theirs didn't move, but the^Mars group will lie sure theirs 
didmve. ■ .■ . ' . ' ' ' . " - ■ 

• '/We are not sure about sortie of the^ objects, 'but have ruled out some, and one group 
thini/s this one (Mars) definitely fiid move. LET'S ALL WATCH THIS ONE VjflY'CARE-. 
FUI;LY THIS TIME, AND SEE IF IT IS INDEED MARS; ' V . ^ ^ 

. i Repeat sequence a final time, , ' • 'A, 

,] WHAT HAPPENED TO THIS ONE? ,// mo verf/ 

j| So we /jflve found the planet Mars-by its motion. In fact, oi^r vvord "planet" comes from 
th^ Greek "planetes," meaning "vvanderer." As the e^rth turns, all the stars and planets appear 
tcljmove slowly every night,Uogether. The planets, howevef, turn a -little faster or a little slower 
ttip the rest. There are' other differences, but ^e can't tell them without a telescope. Other 
ctijestial objects are just as red-in fact, the name of this staf (point out) "Antares" nieans "rival 
ol'iMars." • 

We have found it. that red dot of light is the planet Mars, as mankind had seen it from 
th|e beginning. . 
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§ TELESCOPE VIEWS y. 

We hav<^ discovered Mars just as it was first discovered: using our unaided eyes. Just 300. 
yeark ago, G il^eo discovered a new way to look at MarS: through a telescope 



Turn on Slide, 3: 
Telescope Eyepiece Fr<^e 
Theq add slide 4: Mars 



Thfe red circle represents the eyepiece of 
a teiescom, and we are going to look at/one of 
the clearest photographs of Mars ever taiken 
through a large telescope on the Earth. 
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WHAT FEATURES bO YOU SEE IN THIS PHOTOGRAPHl Color, dark shapes, white 
polecap, . -. . 

The features r light and dark areas -are riof^ery s^iar?). Inl^ they are kind of blurry. 
WHYi DO>.Y0U THIN§ THIS PICTURp^LOQkS SO RLVKKYTXtmospheric turbulence on 

Earth, ^ . t \- ' ' ' ', ■■ ■ ''V ■ ' '■' ' 

Now wearegmng tosee.Mars asit would look live, through a large telescope.. . 



icJsiA 




SlidfS: Mars Effect on; 
then Slide 4 off for 
smooth fade. 



There it is. See how our atmosphere i$ 
changing,^ blurring ^he image. But every' once 
in a while, the atn^osphere will stabilize, and 
M^rs will become clear for an iijstant. This is a, 
verKaccurite simulation of the "live" view of 
Mars Wtirough a very large telescope. > 

Atiy photograph we take through any telescope on Earth must also Ipok through thl|cony 
stantly cl?a|igittfr4rtmosphere of the Earth. The. turbulent air makes the stars twinkle^ and the; 
planets look blurry. Every minute ol- so on very clear nights-, the atniosphere directly along our 
line of sight may happen to be less turbulent than normal, arid for a fraction of a second, we 
might get an unusually dear vi4w. But the caniiera doesljycnow when these moments will 
occur, and cameras record the picture' over several tenths or seconds, so they woiild photo- 
graph the blur along With the clear. So astronomers observing from the Earth even today usu- 
ally rely on their eyesight and meinory, and sketch details by hand. ' 

There is sora6 fine detail on this view of Mars that I can just barely make -out. An astro-, 
nomer w^ulikince to establish as much: detail as possible by seeiAg if there are aiiy barely visible 
features we all agree are real. .. V « 



TELESCOPE OBSERVING AND SKETCHING ACTIVITY 

turn up daylight, distribute paper, turn on reading lights full. - ' 

Here is your chaiice to pretend you are anfastronomer, trying to help decide whaf the sur- 
face features are. ^iet me give each of you a piece pf paper. On- the top half are two sketqhes 
•6f your telescopy eyepiece, with a blank disk of Mars ready for you to complete. 

NOW, t6 HELP DETERMM WHAT SURFACE FEATURES ARE THERE, PLEASE 
SKETCH IN THE DARK FEATURES ON THE SURFACE OF MARS.; WATCH FOR THE 
BRIEF MOMENTS OF CLARITY, AND THEN GET AS MUCH DETAIL AS YOU CAN. 
We will observe for just , tw^ihutes, and then hold a brief conference to reach our Joint con- 
, elusions.; There is a second W|nk disk on your paper in case you don't like the way yotir drftw-. 
.intf is coming out, and want toltart ovpr. ' *' • „ - 



. ■ * ■ ■ • • 

Turn off daylight. Go through three periods -of clarity, then turn up daylight and turn off Mars' 
special effect. 

How much detail were you able to sketch? COMPARE YOUR SKETCH WITH THE 
PEOli-E SITTING NfiXT TO YOU. DID THEY SEE SOME DETAILS YOU DIDN'T? 

Walk droUnd the room, select one or two.exarnples and show everyboify using the opaque pro- 
t/ector. Thes^ sketches are all different; although sbme features show up oh most of them. 

WHY DO .YOU THINK EACH OF U^ MADE A DIFFERENT SKETCH OF THE SAME 
VIEW? \Dffering skills of observers, different moments of observation, different choices of what to 
watch. There are always differing iriterpretatioiis of what is ready there for something new and 
as difficult as this. We cannot agree perfectly on what is really there, but we can come to some 
agreements on broad structure. • 




LOWELL AND CANALS 



" One of th^pst persistent Mars-observers was Percival Lowell, an American astronomer 
Lih the early part of the 20th century. He observed Mars over and over for many years, and he 
reported some very controversial features that were vefy hard to. s§e. Let's look at one of^is 
drawings* showing Mars as Low^l saw it. 

• " Slide6: 

, Globe of Mars 
by Percival Lowell 

Lowell saw and named hundreds of fiiie 
lines criss-crossing" the planet." He noted they 
seemed to connect the poles, which had white 
caps like the arctic regipns of Earth, with the 
rest of jhe planet. Many astronomers riever 
could see Tthese- "fine lines, but several others 
"agreed with Lowell that th§ lines were there. 

I^ THE LINES ARE REAL, WHAT WOULD YOU SAY THEY MIGHT BE? 

Lowell guessed that the lines were canals, irrigating the Martian deserts. And where there 
are irrigation canals, there must be canal builders. Thus Lowell suggested there was a.civiliza- 
tion of intelligent Martians. , » 




. EXOBIOLOGY ACTIVITY - 

• c ■; ^- - . ■ ,.■ ^ • . ■■ .. ^■ 

: The idea of intelligent beings on Mars sounds fantastic to us tftdfty, and it was also fantas- 
tic 80 years ago when Lowell suggested it. But the idea pf intelligent life somewhere in the 
•universe besides Eai^h is a very^ reaspnable one, arid an idea that many scientists today think is 

- :■ » "■■ ■■ . ■■■■ 
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very possibly trueV Beyond T)ur star, the sun, there are billions of other stars^ and each of them 
may have planets, like the earth or like Mars, that might support other forms of life, even 
intelligent life. . 

Scientists today who are investigating the possibility of life on other planets are called exo- 
biologists. Exobiologists try to determine what life forms might exist on planets with diiferent 
conditions from those on Earth. Exobiologists studied the kinds of life that cowW exist on 
Mars, so that they could design spacecraft like the Viking, that would be able to search for this 
possible life» 

Let's examine some modern exobiology» We are going to see several creatures designed 
by exobiologist Bonnie Dalzell for an exhibit at the National Air and Space Museuni of the 
Smithsonian Institution in Washington, D.C. These imaginary creatures have special features 
that have been evolved to help them survive on planets diiferent from Earths 



5//V/e7; . 
Red Hop-Flier 




This is a Red Hop-Flier It's the kind of 
creature we might expect on a hot planet with 
low gravity/ There, a hopping creature would 
be able to travel a good ways on a single hop, 
and assisted by his thin wings, the Red Hop- 
Flier gets around very nicely. 

DOES THE SHAPE OF 
WHERE HAVE YOU SEEN T 
since although air is (hint^t on 



HOP-FUER'S WINGS LOOK AT. ALL FAMILIAR? 

APE BEFORE? Hang-gliders on Earth look very similar, 
ravity planet, the laws of aerodynamics are the same, and a 
delta wing is a good desigJkiAhe big wing is good for flying, and the veins h6\p cool his blood on 
this hot planet. . ; ^ ^ 




Slide 8: 
Gliding Green Carnivore 



By contrast, this creature glides on a high 
gravity^ thick atmosphere planet. He needs less 
wing surface ior his body mass. Even with six 
legs, however, he does not hop well due (o the 
high gravity. 




\ 



> Slide 9: 
Outrigger, Ribbon Fish 




Here is a huge fish hyi Ms. Dalzell 
■ designed for *a planet with, lots of ocean and a 
\, very high gravity. 

>WHY WOULD THE LARGEST ANIMALS ON A HIGH-GRAVITY PLANET PROB- 
ABLY BE FOUND IN THE OCEAN? Hiht: Where are the largest mammals fomd^on Earth? 
Whales live in the sea, because the buoyancy of their bodies in the water reduces the great internal 
strength that's needed to keep such huge- creatures from collapsing under gravity 's pUlL > 



» 




Slide 10: 
Bandersnatch 



Here is a creature designed for the land of 
a high-gravity planet. WHAT FEATURES 
DOES THE BANDERSisiATCH HAVE TO 
HELP HIM SURVIVE ON HIS HIGH- 
GRAVITY PLA-NET? Very thick and sturdy 
neck/ten short and thick legs, large, low mouth to 
eat plants that grow close to the ground, 

. ' ■ ' . ■>■ ' ■ . ' ■■ . ' ■ ■ . ■ ■ ■ . 

* * ' *'.''. 

Let's see the kind of imaginatibii necessary to be an exobiologist. Suppose you. are trying 
•to decide what possible forms of life might inhabit a planet like Mars. A Mars-like planet is 
different frotn the earth in that It has 1) lower gravity, 2) much thinner ^tmosphere, and 3) 
niuch colder weather. . ^ 

Oh the bottonii of your sheet $( paper is a drawing showing some forms life that have 
evolved to rheet Planet Earth conditions. They might not he suitable for a Mars^like planet. 
I'd like you to'make your own guess about a being that might\j)e adapted specifically to, survive 
on a Mars-like planet. You want te imagine a being with features designed for lower gravity 
than Earth's, thinnftfcatmosphere than Earth's, and colder temperature than Earth's. PLEASE 
MAKE A VERY ROUGH SKETCH OF AN IMAGINARY BEING YOU THINK WOULD BE 
ADAPTED TO LIFE ON A MARS-LIKE PLANET. 

(Note: Adults are often shy about this open-erided activity. Skill on the 'part qf the instructor 
may be necessary to get adults to give it a try.) * ^ 

Give people time to draw. Ask people to compare their ideas with their neighbor's, Ansmr any 
' questions you can. Whin most people have finished, go around and show a few drawings (using 
opaqUe projection if available), asking people to explain what survival features their Martians have. 
Compliment clever adaptations. • \^ 



SCIENCE FICTION MARTIAN 

Your drawir^s are good speculation, and, as we will see, modern scientists are working on 
very similar cohcepts. WHAT DO Y(jtj THINK OF THIS DRAWING BY AN EARLY EXO- 
BIOLOGIiST IN 193t? - . ) 



Slide ifj:^ 
Paul's 



This is \^hat a science fiction artist-Frank 
Paul, working with Astronomers-imagined Mar- 
tians might look fike. WHAT FEATURES 
DOES THIS BEING HAVE TO HELP HIM 
SURVIVE QN MARS? Large ears and lungs for 
the thin atmosphere; tall and slender due to light 
gravity; fur and retractable eyes and nose for cold 
temperatures. 

Are there really Martians like this, who would build ^anals and farm the planet? Lowell 
certainly thought so. But you have seen how hard it is to see the details on MarS^ and very few 
other astronomers could see alj/the canals that Lo>yell saw. As long as we had to look through 
the blurry atmosphere of Edrtn, we could never see Mars clearly enough to be certain. HOW, 
COliLD WE BE SURE IF THERE ARE CANAL BUILDERS ON MArflS? Get above Earth's 
atmosphere, and (f possible, get closer to Mars. Then we could get a clear view, and see if the canals 
really exist, v 

Turn off reading lights and daylight. 




VIEWING THE MARINER 9 & VIKJNG MISSIONS 



• Slide 12: Mariner 

SLOWLY, rotate diurnal so it looks as {f the 
spofecraft is moving. 

Jl' 'This is the Mariner 9 spacecraft • that 
ited Mars in 1971 and sent back our first 
closeup pictures of the Martian surface. In ^ 
197^; the Viking I and il spacecraft sent back 
color pictures, ay they orbited Mars. Once more 
we see Mars in a new way. ; Let ^s watch the 
television picturjpts sent from these spacecraft 
as they approached a fe>y thousand rpiles, flbove, 
the surf ape of Mars, ' / 




. ;V SllHe l3: .. ' : . 
Mars from Viking II 
( ^ Half Phase 

. Half of Mars, like the earth, is in night 
and half is in day, illuminated by the sun. Vik. 
ing here was just over the pirt of the plaWtet 
between night and morning, so we see one- 
quarter of the surface illuminated. The "grand 
canyon" of Mars, Vallis Marineris, can be 
plainly seen.' That is one of the few line 
features in Lpwellls canal maps that turns out 
to be quite real. ' 




I,.'-: 



Slide 14: 
Mars from Viking 11 
Crescent Phase^ 



/ 



/ , Here we see a bit more of the night side. 
^ ice cloud is seen rising off a great vol- 
cano, and a frost-covered crater is at the bot- 
tom. 



/ 



> Slide 15: 

'^Mars close-up 

mp*^ in closer, we see ap area 

about 100 kilQiTieters on a^ side with bright 

white ice clouds hovering over canyons on A 
Mars. . .'^ 




\ Slide 16: 

\ Black & White Close-Up 



V - • ' Not far from the South pole, this blaclfif 

■* and white photograph from the Mariner 9 

/ spacecraft* shows another area 100 kilometers 

on a side, with strange pits and* hollows. 
^ WHAT DO YOU THINK THEY MIGHT BE? 

\ . , Possibly the result of Ice freezing and thgwing 
Underground. , * , . ; 
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Slide 17; 
Mars river valley 

Here is a very important picture of an 
\ area 400 kilometers wide on Mars, HOW DO 

YQU INTpRPRET THIS PHOTO? ' It looks 

likeXa river; valley. The branching tributaries 

strongly^suggest a Water-cut valley, but there is 

no liquid water oft the Martian surface now. 

This created a fascinating new question: Where 

did the wateir'come from and where has it gqine 
■ today? • \ ' . • : ' 

So these vie>vs of Mars pose many further questions at^out the red planet. But what hap- 
pened to the canal^, the long straight lines carrying water to the Martian farms? Only a half 
dozen features that Nve see, such as the "GraKd Canyon oT Mars," have any correspondence" to 
features on LowelPs icafial maps. The rest ot the canals do not, in fact never did, exist. You 
hav^ seen how difficult it was to see surface feature through earth-based telescopes. Much of 
what Lowell did has proved very valuable-he developed the techniques of plarietary photogra- 
phy, spectography of th^ nebulae, and deternf|ination of the rotation rates of the planets -and 
even exobiology - but his observations >of the canals' were not correct. Apparently, the human 
mind "helps" the eye and lills in the details sometimes that the eye partially sees. This is what 
makes optical illusions work, and in this case, it must have made the rims of craters seem 
longer, slraighter. We nowWnow that the famous canals of Nters iiever existed, 

In the summer of 197^L twp Viking spacecraft detached parts of themselves and landed on 
. the surface of Mars. A VikiW lander touched down and pointed one of its cameras at its own 
. footpad. As this black and w\iite picture comes on, we will see the first photograph ever taken 
from the surface of Mars. 



Slide 18: \ 
Martian Surface .\ 




• • ■•. - : \ ■ ■ 

This remarkably sharp photbgraph shows 
the rocks, sand, and dust at ouri feet/ as we 
stand on the surface of the red Rjanet Mars. 
The rocks are only a few centimeters acfoss. 

Then Viking II pointed its camera higher, and we will now see a color picture of the hor- 
izon. If you stand on Mars and look 6ut horizontally, this is what you will see. 



SMe 19: 
i Martian Horizon 

This phofo shows pah of the Jpatoaft, 
including the slender meteorology boom, taking 
weaker data. Mars is even more hostile to life 
than we .had thought based on ear|th-b©und 
observation. Viking tells us the atmosphere Is 
only 1/lOOth that df Earth, and the averWe 
temperature on a midrsummer afternoon is 3^0 
degrees betow ze^Cel^us. It is ve/y dry. 
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^ . \ Slide 20: 

Viking Digs a Trench , 



On the ground behind the boom, you can 
see the trench the spacecraft's "arqi" dug for 
gathering soil^samples for more experiments. § 





Slide 21f 
Viking spacecrqft 
wthflag 



The surface of Mars is like a rocky desert, 
Th,ere is no running water, but only vast,, icy 
polar cap§. The surface is cold, the air 
extremely dry and thin, and the rocks are all 
covered by a layer of fine, red dust, | 

Sensitive electronic instruments on the Vikirig lander searched for microscopic life, hi 
the results are confusing, and there is no clear sign that even microfcopic liffe exists. Viking 
has conducted a siries of interesting science experiments: measuring the weather on Mars, 
searching for Marsquakes, analyzing the atmosphere and the composition of the soil, and look- 
ing for magnetic particles. Maybe we will learniiow the river bed we saw Was made, and>where 
the water is now, ' ^ 

There still might be some form of life on Mdrs, and we may not yet know how to| look for 
it, or where it might be. There may yet be more moments when Mars looks new to us. But 
the intelligent Mars Man, building giant canals to farm the surface, just does not exist. Th^r^ 
is no reason for exobiology to stop at Mars, however. There are two hundred billion stars in , 
our galaxy alone, and almost every star, like the sun, may have its own family^ of planets, 

^ Even if there turns out to be no life at all on Mars, the red planet has taught us more 
about how planets were formed and how they behaved As we move on to other planets, dther 
suns; we will have learned how to look from our experience on the Red Planet Mars, ^ 

■. V. --^ - ■ . , -A. . 
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THE I^ED PLANET MARS 
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Beings from the 
Planet Earth . 



T 




V 




^eing from a Mars-Like 
■ Planet 
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William K. Holt Planetarium, J-awrence Hall of Science ^ 

University of ^alifornia, Berlceley, Califori^ $4720 j 

The Mars Observatio^' Activity was developed by ShpWon Schafer 
Lakevlew .Center Planetarium, Peorift, Illinois. 



This Planet Has:^ — ' 

^Thinner-atmosphere. 
Colder weather than Earth. 
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Discaver More About ^ 
RED PLANET MARS 



H.G. Wejls.^H'flr qf the Worlds, 1896. Wells imagined an invasion frpm Mars, based on the 
latest theories about the red planet from.. astronomer Percival Lowell. This fascinating novel 
started modern sciencejetion on its way. 

William C Graves Hoyt, Lowe// Mflrs, University of Arizona Press, 1976. This delightfully 
illustrated Kientific biography of Percival Lowell illuminates the excitement and controversy 
Over Lowjlrs contributions-to planetary astronomy, including his ill-fated speculations about 
Martians. .. 

James B. FolhCk, "Mais" Sclent(fic_American, SeptemlSr, 1975. Reports the status of our 
knowledges prior to Viking, Articles in this magazine reporting Viking Results appeared in July 
and Novenber, 1977, and March, 1978. 

\Science Niiwi, June 5 and 12, 1976, and Astronomy, July, 1975. Guides to the Viking project 
and reviews of the history of Mars investigation. ^ . 

Henry S.F. Cooper, Jr., "Profile: c2rl Sagan--A Resonance with Something Alive," New Yorker, 
June 21 & 28, 1976. - Superb ijfience reporting sharing the excitement of the search for life 
elsewhere! 

Bevan M. trench, Mars: The Viking Discoveries, ASA, 1977. A well illustrated, non-technical 
booklet summarizing the complete Viking project and its m^or results. 
Journal of Geophysical Research, September 30, 1977. Very technical reports from m$jor Vil^ng 
experimentsV (about 700 pages). Reprinted as Scientific Results of the Viking Project by the 
American Geophysical Union. ^ 
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Mars Photograph 
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Mars Drawing 
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Lowell's Globe of Mars 
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Red Hop-flier 


Bonnie Dalzell ifor the 
National Air aj^d Space 
Museum, Smithsonian 
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Gliding Green Carnivore 


Bonnie Dalzell 

— 1-^ ^ 
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Outrigger Ribbon Fish 


Bonnie Dalzell 



* ^ Sllie 3 is intended as a frame for slides 4 and 5. We project slide 3 from a separate single 
slide projector positioned so that the images on slides 4 and 5 fall within the^eyApiece" frame. 
This is a nice eflfect, but is optional. . ' 

> Slide 5 is used in the "fuzzy Mars" activity, described In the text. 

For more infofmation on Bonnie* Dalzell's work (sli(Jes 7-10), see Smithsonian, October 
1974, pp. 84-91. • . 

. \ Slides 4 and 5 may be purchased from the Hansen Planetarium, Salt Lake City, Utah 
84111.. Black and white slides from the National. Aeronautics . and Space Administration 
(NASA) may be purchased from PIC, P.O. Box 6699, Burbank, California 91510. Color NASA 
slides may be purchased from Astronomical Society of the Pacific, 1290 24th Avenue, San 
Francisco, California 94122, . 



Slide 4^ . 


ScJipt Pqge 


V ■ ■ • ■ ■ ■ 4 * 

Description ||7 


* 

Source 


10/ 


169 


1 

BandQTsnatch ^ t 

J : ■ F " i -■ 


Bonnie Dalzell i 




. 170 


■ ' ' ■ ' ! ■■ 
Paul's Martian 


Fantastic Adventures, 1 939 
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Mariner 9 Spacecraft 
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N^s, 1/2 disc, from Vikinj 
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Mars)\ 1/4 disc, from Viking 


NASA \ 
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Ice clouds over Martian 
.canyons 


NASA 
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Pits and hollows near Mar-, 
tian pole 


NASA 
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Martian river vplley 
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Martian surf ace , B & W 
closeup 


NASA 1 - 

• \ ■ 


19 


172. 


Martian hor^n * 


NASA 
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Viking digs a trench 


Ni)SV . 
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Viking Spacecraft wlth>flag 


NASA 



With the exception of the Lawrence Hall of Science slides and the NASA slides, these \^ 
photographs are of copyrighted material, and may not be reproduced without permission from 
ttie copyright holders. We have purchased slides 4, f and 12-21, and have obtained perrtSissi^n 
to reproduce slides 6-1'! and provide them at cost for non-profit educatioMl planetariunis tp use 
in pre^tlhg The Red Planet Ma^. We have no permission for any otbCT reproduction or use. 
See page 97 if you wish to purchase all 21 slides from us, at our cost. > 
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SIMULAimp THE |OLAR-SYS 

* A Classroom Activfty to Supplement • 
"the Red Planet Mars" Planetarium Program . 



|l8]l 



• This scienc^ activity is designed for students in 'grades five through 'eight. It can be presented by 
teachers with no ^cial preparation in science. SIMULATING THE SOLAR SYSTEM is keyed to 
some of the concepts in the pidnetariunf program, "Red Planet MarSr so it will probably be most 
(Effective if presented Just befor^or just '({fter visiting the planetarium. Each teacher may Wish to adapt 
the language and pace of the activities Jo his or her particular class of students. 

Objectives 

The^^pnSiary objective of this activity is to increase the student's* understanding of the 
appearance and mpvenlehts of the stars and planets. After.the lesson, the students will be able 
to explain or demonstrate: » 

1) What a planet looks like in the night sky. | 

2) How to find out if a given point bf light in th^ nij 

3) Why a planet appem to "wandet" among the ba^ 




is really a star or a planet, 
ind stars. i 



4) How to use a model to' figure out why the stai^ and planets appear t:0| move as they do. 
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Before th^ Lesson 

1) Arrange to move, outdoors for the last part of i(he activity. 

2) Mount the three posters for khis activity on light cardboard.* . 

3) Stack the three posters together on Uie chalk tray so Star Patjgjn #r»$ .showing, v^ith Pat- 
terns #2 and #3 hidden behind it. 



aUern 

f 



Fart\A. Observing A Planet y 



' Stars and planets both look like points of light in the nighttime sky. Stars are hot balls of 
gas like the Sun. Planets arescooler balls of material like the-^Earth. Planets circle around stars 
in "orbits," It takes the Earth oiie full year to complete its orbit around the Sun. ; 




S Here is a picture of what you would: 
iiave seen jt you had . looked up at the sky 
and seen tnk planet Saturn among the stars- 
oii January 15,^1978. Which one of these 
poJntSxof light do you think is Saturn? 

Skqw poster of Star Pattern # I. r 




* Postirs are available from the Lawrence Hall of Science. See page 97", 



WiWm K. Holt Planetarium, Lawrence Hall of Science 
Umyerslty of California, Berkeley, California 94720 
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Here is afiother picture made one 
month later, on February 15, showing the 
same part of the sky. Gan you see 
anything different about it? Would you 
like to take a second guess about which 
• one of Ihese points of light is Saturn? 
Wh^e do you V PREDICT Saturn wilj 
appear one month lat^? 

. . Place Star Pattern #2 next to #1. 



Well, let's see if you are right. Here 
is how this pattern of stars appeared otie 
:| mdntii later, oh March 15, 1978. Who 
' would like to describe how Saturn 
l"war]iders" ^against the background stars? 

Place Star Patterns #i, #2/ and # J 
next to ea(;h other on the chalk tray. 




The planets appear to wander at different iates of speed and in different directions from month- 
to- month. Teachers who would like to learp more about these motions are 'encouraged to consult their 
local planetarium direcwr, ^ 



^ Ttirou^h a telescope, a star appears very bright,, but it is st^ just a point of light. A 
planet, however^ is much closer to us, ^we can see details on it; Let's look at" this wandering 
point of light and see what it looks lik^^Jough a telescope. 

Point to the ''stai' that has changed its position. Show a poster, slide, or a picture of^aturh. 



Part B. Simulation Activity 

Have the students go outdoors and stand in (tklarge circle^' about 40 feet in^ametef (but close 
enough to hear you). < 

Now we will do* an activity to see yAiy the planets seem to wander among the stars. First, 
we need two volunteers to stand in the center of our circle to play the parts of' the Sjin and 
• Earth. , ■' ■ , f * ' ■ ' ' ' 

Have the Sun stand in the very Jenterofthe circle; and the Earth stand about five feet away. 

Imagine that all of you in the circle ar^ gtars. Like (fie rfeal stars/each of you has a name,^ 
V If you want to appear even more like the stars, space yourselves around the circle so the Earth 
sees groups, or CONSTELLATIONS of stars. / • 

^ The students move a little closer or further apart so they are spaced unevenly around the.circle.' 

'"■ ' ' ■ , . ./ . •,* ■' • . 

Earth, please turn so you can se^ thefilun. What time o^day is it for your face? (Noon.) 

Now turn so it is night fpr your face. Please point ©ut.some stars whose names you^know! 

. , ' *■ • » . 

The student playing Earth points to threfi or four classmates and says their names, 

* ^ ■ • 

How should the Earth mpve so that a whole week of time goes by? How should the 
Earth'^move so that a whofe year goQS by? ^ 

At least one or two stttdents in the class will probably be able to suggest that in one week the 
Earth would turn around seven times while standing in the same spot, or rnoving a bit along in its 
hrbit. To demonstrate a year, the Earth will have to^walk around the Sun while at the. same time 
Spinning aroUnd. >. • 

- Earth, please demonstrate one year by walking all the way around the Sun in your orbit. 
If you jet dizzy, Ve'H pretend you turnra around 364 times as you walked in one complete 
circle. ; 



Now Lhave a problem for you to figure out. I will divide the, class into two groups, V 
want each group to malce its own model of the Solar System, with the Earth, Sun, Stars/ AND 
SATURN, - You gjpust decide where Saturn should be and how it should 'move. When we get 
back together again, I want each group to demonstrate why Saturn appears to "wander'- against 
the stars. Any questions? ^ : . % ^ 

. ' Divide the class into /wo group^and assign areas for them to work in. Let the students choose 
who Ml play the Earth, Sun, and^ Saturn, and discuss how the planets should /nove. The students 
[ may want to knqw how long Saturn's day is (10 hours) or how long it takes for Saturn to go arovihd 
the Sun (about 29 Earth years), but this information is not vital for this activity. Allow the teams to 
work until they have sblved the prpblem (proba 

Come^bacjl^^ a lafge circle again, * Who would like to explain why Saturn appears 
to wander agai»tlOij^s, whil6 your tea act oiit the Solar System? 

o The studem ^S ^Miscover either or both of the following explanations for why the platj^ts 
appear to yandeTWpm^ stars: First, the planets are VERY much closer to Earth than are the 
f stars, so d slight dunlin the Earth's location will make planets appear to move with respect to the 
\tars. Second, %e planets are moving in their owh orbits as well, so the direction an Earth observer 
'^ust look Jo see another plane^is always' changing. It is not important for' the teacher to explain 
these concepts in detaH, but rather to let the students e,\ 
otfkr students comment and criticize. 



tplain and demonstrate their ideas while the 



Now iVs the second team's turn. Who is the explainer? The Earth? The Spn? , , , , 



, Follow->Up Activities 

■ ■■ . .. - ■. . : 

1) Have theistudents extend their simulation lOf the solar system to include thre^ four, or even 
nine planets. , 

2) Simulate the pliases pf ttip moon In a darkened room. Have the "Sun" hold a We bulb 
lAp, and the *'Moon" hold a white ball.. The "Earth" will see the "Moon" g© through its phases 
as the "Moon" walks arbund the -"Earth" (once per month) . This arrangement can. also be used 
to denjor(strate„ eclipses of' the sun and moon. • ^ 

3) Have the students make a scale model of the solar system. We suggest the following pro- 
cedure developed by Bob Risch and Jim Vickery, Co-Directors of the Jeffco Planetarium, Lake- 
wood, Colorado, fof their School District's Curriculum Guide. First, the students. mak# models 
by selecting small objects to represent the planets. These can be taped to cards with cellophane 
tape and labeled. Then, the students can'goout to the playground with measuring sticks to 
illustra^te the distance scale of the solar system. They paay be surprised at how much "space" 
there is in space! The scale recommended by the Jefferson County/ Curriculum Guide is printed on 
page 185 with permission of the developers. ,^ 

4) Gerald Mallon of the Methacton School District Planetarium suggests a larger scale initially 
to compare the earth and sun. He constructs a clay marble fpr the earth, a'nd asks students to 
guess the .size of the sun. The Sun is then introduced as a 3-foot-diameter weather balloon! 
.(Available for. about $5 from Edmund Scientific Company, Harrington, New Jersey 08007).- 



;1 ■ 
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j SCALE MODEL OF THE SOLAR SYSTEM 

1 .. (2 inches 1 million miles) 




• T ■ 

>, 


Size* 


In Model 


Distance** 


In Model*** 


. . ■ i ■ 

Sun i 


864,000 


• • 

piiig pong ball 


• 0 


. 0 


Moon ' . 


2,000; 


very tiny grain of sugar 

— ■ / ^ 


-0.^5 ~ 


■ 0.5'' 


Mercury 


— t — ~ 

3,000 


small grain of sugar 


36 


6'0" 


■ . 1. 
Venus 


7J5OO . 


large grain of sugar 


67 


iro" ' 


Earlh 


— ' ~* 

8,000' 


' large grain of sugar ^ 


93 . 


15' 6" 


Mars 


■ 4,000 


medium |rain of sugar 


142 • 

V 


23' 6 W 


Jupiter 

■V < . 


89,000 


large mustard seed 


483 

— : "> ^ 


80' 0" ' 


■ 

Saturn 


V 75,000^ 


small mustard s'ded 


• 886 ' 


148' 0" 


Uranus 


'29,000' 


cake decoration 


1,783 


2^7' 0"' • ; 

1 


Neptun^ 


y 28,000 ' 


cak^ decoration 

« 


' \ : ■ 


466' 0" 


Pluto 


. 3,500. 


medium grain of sugar 


3,666 


611' 0" 


Nearest Star 


800,000 


ping porig ball 


24,-000,000: 


760 mtles 



♦ Approximate dfemeter of the sun and planets in miles. 

** Average; distance in mllUonS of^miles from sun; except 
for the rnoon entry which refers to distance, from earth. 



*** 



In feet(') and inchesC); 



© by RoKsrt Ri«ch and James Vickery, Jefferson County Schopl Distjist: 
(Jeffco) 'Pfenetarium;j#roduced with permission from ihfauthprs. 
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INVENTING COSMIC CREATURES 

A Classroom Activity to Supplement 

, • " * • 

> /The Red Planet Mars"^lanetarium Program . . , 

This science activity is designed for students in grades four through 'eight. It can be presented by 
teachers with no special preparation in science. INVENTING COSMIC CREA TtfRES is keyed to 
some of the concepts in the iolanetarium program, ''The Red Planet Mars'' so it will probably be tnost 
^ective (f presented just before or justfljfter visiting the planetarium. Each teacher may wish to adapt 
tbe-language and pacd ofihi; activity to his or her particular class. 

\ Objectives 

The primary objective is for the stud^ts to l^arn how exobiologists work with limit^ed 
information to imagine what life may be like on other planets. After the lesson, the students 
will be able to: .... 

1) Invent life forms which are adapted to their environments. / 

2) Recognize that several observers may notice different aspects of the same object or event. 

3) . Recognize that hypotheses are ideas which can be tested by further observation. 

4) Recognize that scientists make hypotheses based on partial information, Sometimes these 
turn out to be rights and sometimes they are found to be wrong. * . 

' ■ ' " . ■ ' ' . « ■ • . . • * * ■ 

♦ H Before the Lesson 

1) Assemble the following materials for each student: two large sheet* of paper, magic markers 
or crayons. Assemble for. the class: three different Cosmic Creatures posters^ and masking 
tape. - 

2) Clear three large areas on the blackboard or wall on which Ig display the students' work. 
On the blackboard, write: ^ . ^ 

Omicrornias:^^'^^^- ? • 

[a] Very sandyj soil. ^^"""^^^^ ^ n ^^^ ■ - * ' . 

Moist, fogi^ atmosphere. ! ^ .' ~[~r'" '^~ ~''^^^^::La^ 

•"•■.* ' . . . . 

Very dim light. # 
4X Prepare three working areas within the room, or in adjoining rooms. The students in each 
ar«a must be able to dray^ while looking at only one of the three postefS! 



[bl 
[cf 



A. Exploring Omicrori ^ j 

Today's activities will help you find^ out what it is like td be an exobiMogisl. That is a 
scientist who studies the possibility of life in tjie universe beyond Earth. ; 

Each team is to pretend it is exploring the planet Omicroh, circling a distant *tar. Omi- 
cron has: a) very sandy soil, b) mofst foggy atmosphere, and c) very dim light. What do you 
think. each of tWse conditions wQuJlti mean for the creatures of QmiCron? 



♦ Posters available from the Lawrence Hall of Sci- 
ence. See page^7. ^ ' ^ 



William. K. Holt Planetarium, Lawrence Hall of Science 
University of California, Berkeley, C A*94p0.; • 
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Indicate the list^^fs^Ujil^ns mitten oh the boand. Have the students discuss their mn^exper i- 
encies 'i^ similar condit^wor^artK ^ 

Each team of exobiologis<Sitwill\ np^eive a pi^^^ was taken during* the exploration. 

Since mos^ of the creature was hidden by the fog>your job is to draw what you think the whole , 
creature might look like. Be sure it has specific features to allow it to survive under the condi- 
tions of Omicron, Under your drav^lng, please explaih^vhat features your creature has to 
enable it to survive. \_ , . 

\ AJier giving the assigfimenl distribute paper and crayons, or markets^. Then, post each of the 
'^Cosmic Crea turd' posters- so iach team sees only ONE of • ^ ' 




. ^1 ' 



> ' :* 



ERIC . 



* ■ Allow five to ten minutes for the students to finish. Have the students post (heir work on the 
blackboard or walhnext to the work of their teammates. Students should still not have seen the other 
■teams' original posters. When all pfthe invented creatures are posted in th^e6 groups, begin t^e dis- 
cus&ion. T- ' .J . V 

Look SX.ihQ creatures in the first group. How are they similar? What do you thii^k these 
exobipjogists saw? Hpw are these drawings different from each other? What.might explain the 
dtffe>ericps?> Would anyone in the first team like to tell us how your creature is adapted to thQ 
Qoniiitioris of Omicron? . 

■ Have, the students discuss their answers, to thgse questions.'- Then, move on to the other groups 
': of drawings and ask the sarne set' of questions. At the end of the discussion, display all three ppsters. 
FinaMtfhand out the second sheet of paper and giv9 the 

.•• • , ■ .• • . ■■ . ■ ■ , , , < ■ ■ ■■' 

..• ^ ' ' ■ • • • ■ - - • 
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B. Hoy Does Vour Cxeature Survived . | 

Now that. you have'more information about t|je creature, gind have heard about some pos- 
sible adaptations;' make one final drawing which shows your best guess as to what the creature 
looks like. . .Under your drawings, EXPLAIN THE FEATURES OF YOUR CREATURE THAT 
HELP IT SURVIVE UNDER ALL TMEE CONDITIONS. . . < 

Allow five to fifteen 'minutes for %e students to finish. In the meantime, take Jbwn their first 
drawings to make roomfijr the final drawings. Ast/ie students finish, they post their new work on the 
board. (Drdwmgs need not be groupeMn teams fi>r this third round.)- « 

■ Can you see mores similarities this time? -What are they? Who would liHe to tell us how 
your creature is adapted to life on OmicTon? - },"•' 

' Focus the second discussion on the students' ideas about hofw their creatures survive under the 
conditions of Omic^on. End with a discussion about Mw the' students' yeas (hypotheses) could be'^ 
tested dn the next expedition m Omicf on. \- *; , 



Follow-Up Activities : 



1) "inventing Cbsmjc Creatures" can serve as an introduction !talife.science activities concerned ; 
with idaptations lo th.e environment. For example, the Outdoor Biology Instructional Strategies 
(OBIS), "invent An Aninial," would be gopd to do beford *or -after this lessor! (available frc^ • 
OBIS, Lawrence Hall of Science, University of CalifGrnia, Berkeley, California 94729). 

2) "Inventing Cosmic t^reatiires" can also serve as the starting point of a language ^rts activity. 
The students could write storjes about the creatures, describing their tneans of obtaining food, 
thiir houses and social behaviors, the extent of their intelligence, and Givilizati6ns, interactions 
with other plants and animals, and so on. , < ' ' v 

3> In relation to a social science activity, this lesson coul0'i5ad''tb a discussion about how 
differ.ent histomns report on the sam 5 , / /\ ^ 

4) The quk wMch follows may be vised as an activity, and^jJitay also tell you something about 
hoWi well your students understand the concepts in this p^pgram, either before or after they 
have experienced the program;* Please note that some qii^sticms refer to "Siniulating the Solar 
System" while otherS; refer to "Inventing Cosmic Crea\trfes" or THE REP PLANET MARS,^ 
.Y6u should revise this tesVas-n^pded to jSt your particular ciassroom^situation.; . / 



Ansiwers4p the Astronoiiiy Quiz. 

^ ■ • ■ * ' 

PLAI^fETS 



■ Answers: IrFalse, 2-true, 3-False, 4-true^ 5-(dbt on lower Jtght of Picture G), 6-D, 7- (look 
" for at least one fe&ture desigried to help survival un<Ier each of the three conditions), 8-C, 9-B, 
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Astronomy Quiz 
PLANETS 
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1. "Plariet" is just another word for "star." 



True False Don't Know 



2. Without a telescopev a planet looks much like a star. True False DonU Know 



ii . 



I 



3. If you see a planet next to a certain star, 
you will always find it next to the same star. 



.A 



4. If you see a dim star next to a bright star, you 
. will alwaysTind it next to the same bright star. 



True False Don't Know 



True False Don't Know 



Here are three views of the night-s^y seen through the same window but on different nights: 




*, Picture A 
First Night 



Picture B 
One.Weelc Latere 

■ I . 




Picture C 
Two Weeks Later 



S. ^Qrcle the PLANET on Picture C.j If you think there is more than one planet, then circle ^ 
each one. a . . ■ ' "'. 



) 
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6. Astronomers 70 years-agb had a hard time seeing details on Mars. Which of the reasons 
below could explain this? (Circle the letter which shows the best answer.) 

A) Mars was further away then/ . _ 

. B) They did not have telescopes. ^ 

C) Their telescopes couldn't see that far. 

^ D) The Ea^lsh's atmosphere blurred the view. . . , 

E) TUe Martian atmosphere blurred the view. 

7. Pretend someone called you on the ||Wo-way radio and said they discovered a nevi^ype of 
animal living happily on top of Mount Hfflnbug. On top of this mountain: 1) it is very cdld; 2) 
the atmosphere is very thin (not much air); and 3)- it is icy and slippery, J 

b " ■ " . ■ * ■ . ^ ■ , 

■ . :■ \ \ I . >■ ■ 



/ 

/■■■■ 
■■ / . . 



In this box/ draw a picture of an animal that * 
YOU I^IVENT which is specifically designed to 
survive in the conditions on top of Mount 
Humbug, i ■ ' . ^ 

■I 



Describe the features of this animal whicfe help it survive under ALL THREE CONDITIONS. 



8. TKree students drew these pictures (if animals that might live in a volcano where: 1) it is 
very hot; 2) there is very little air; aod 3) jf is all full of liquid. 

Which of the aflimals below do you thirift will survive best itja volcano? (Circle the letter of ' | 
the best answer.) ' -f , '. 




f 



9yFhree aStronomers who worked t'ogether used a radio telescope to listen to radio wdVes from 
ITnew star. Without talking about' what they h^ard, the astronomers wrdte the foflowing 
reports: ^ * • 



Astronpmer #1 reports hearing buzzing sounds which he thinks may . 
be a warning sent by intelligent beings. * 



Astronomer #2 reports hearing beeping sounds which she thinks mjiy 

be a meaningful message in code. / 

. ■ . ■■ *~ ■ 

— ^ — ' ' — r^— [ — 



Astronomer #3 reports hearing static which is npt sent by intelligeilt 
^ beings. 



How can yoii explain the differences in their reports? (Circle 4he best answer.) . 

' . . ' ■ ' ■ ' ' ■ ■ '* • . 

T A) Some of the astronomers had poor hearing. 

B) Usually different people donU report exactly the same thing when they find something 
new. 

C) Astronomer #3 didnU believe there could be intelligent life on other planets. » 
' D) Some of the astronomers ^)^re tired and not paying attention. 

. E) Astronomer #1 is older and knows more. ^ - 



10. The three astronomers mentioned aboVe agree that the sigiial fronTthis stfiO' can be heard 
every night. Suppose they could not improve their instrument. What should mey do to find 
out which explanation is best? (Circle the best answer.) \ 

A) Ask tlie chief astronomer to decide. ^ . t> 

B) Look and see if they can find the answer jn a book. 

C) H«ive more astronomers listen to the ^ame star and then decide. ^ ' 

D) Have the same three astronomer;s discuss it and take a vote. 

E) There is no way to learn which is best. 



i 

t 

■ i 



